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AMMONIUM NITRATE Vs UREA 
Ammonium nitrate is a source of nitrogen containing half 
its nitrogen in the ammonium form and half in the nitrate form. 
Some properties are set out in comparison with urea in the 
following table. 
SOURCE 
PROPERTY 
Nitrogen Content - % 
Price/ton(as at 16/4/70)- ($ at all works) 
Price/Unit of nitrogen* - $ 
Acidification (Cwt CaCO~ to neutralise1Cwt 
of substance) 
Acidification(cwt CaCO~ to neutralise amount 
of substance containing 100 lb 
nitrogen) 
Salt Index (Nitrate of Soda taken as 100) 
UREA 
46 
75.80 
1 .65 
83 
161.:P 
75 
AMMONIUM 
NITRATE 
34 
57.10 
1.68 
60 
'.161 
105 
* 1 Unit of nitrogen is one per cent by weight/ton and is actually 
22.4 lb nitrogen. Cost per unit is calculated by dividing per 
cent nitrogen into the cost per ton. 
Ammonium nitrate has an advantage over urea in that it can 
be topdressed onto the surface of the soil and left uncovered ., 
without a danger of loss of nitrogen to the atmosphere. When urea 
is left uncovered on the surface of the soil losses of nitrogen occur 
through volatilisation of ammonia during the hydrolysis of the urea. 
Such losses with ammonium nitrate are only likely to occur on highly 
calcareous soils. The loss from urea can be largely avoided if the 
urea is covered with a layer of soil e.g. by topdressing in front of 
the seeding tines or discs. Also there is not likely to be much 
loss from the urea topdressed onto the soil surface if the applica-
tion is followed closely by heavy rain which will wash the urea into 
the soil. 
On the other hand freight will be a little higher for 
ammonium nitrate because of its lower nitrogen content than urea. 
Trials: 
1968. 
~n this year ammonium nitrate and urea were compared in 
seven trials. In five of these the nitrogen fertilisers were top-
dressed after seeding, while, in the other two they were topdressed 
just before seeding. 
~· In this year the two sources were compared in sixteen 
trials. Only five of these trials co~pared them with application 
after seeding. In all the rest, the applications were made prior 
to seeding. 
L1 
2. 
Results: 
In three of the trials where the nitrogen was app~f:ed 
after seeding ammonium nitrate gave much better results than urea. 
In one trial where the nitrogen was topdressed immediately before 
seeding, urea was much bette+ than ammonium nitrate. At Esperance 
Downs Research Station, where the nitrogen was topdressed immediately 
before seeding, there was no difference between the so~Fces. The 
remaining two trials were at Salmon Gums Research Statio~q There 
was little difference between the sources in these triala, but in 
one there was a tendency for higher yields with ammonium nitrate, 
while the reverse was true with the other trial. 
1969. 
In three of the sixteen trials there was no response to 
nitrogen so that a comparison between source.s was not possible in . '·' 
these cases: There were eight comparisons between urea and ammonium 
nitrate drilled with the seed. In six of these ammonium nitrate 
was considerably better than urea. In one comparison there was 
no difference between the sources, while in the remaining compari-
son there was little difference between the sources although urea 
tended to give a little higher yields. In the trials involving 
these comparisons the sources were also compared when broadcast. 
The main reason for the superiority of ammonium nitrate over urea 
when drilled with the seed would be the harmful effect on germina-
tion when the urea was placed in contact with the seed. 
In eight comparisons with broadcast application there were 
no differences between the sources. In three of these cases the 
nitrogen fertilisers were topdressed after seeding and left on the 
surface uncovered. Of six remaining comparisons, ammonium nitrate 
was clearly superior to urea in two trials. In one of these the 
nitrogen fertilisers were topdressed two weeks after seeding. Also 
in three other comparisons the ammonium nitrate appeared to be a 
little better than urea. At Condingup, where the nitrogen fertili-
sers were topdressed immediately before seeding, urea was much 
better than ammonium nitrate. 
The overall results are summarised in FIG 1, where the 
average yields over all trials, giving a response to nitrogen, are 
presented, and FIG 2 showing the number of cases, at each rate, 
r .. ' where each source gave higher yields. Both figures are based 
on results where the nitrogen fertilisers were broadcast. 
Drilled versus Broadcast: 
There have been a number of experiments comparing drilled 
versus broadcast applications of urea and ammonium nitrate. The 
results of one of the trials on urea have been pu.plished:- "A 
Comparison of methods of Urea Application at Aja:q;a" .,by M. G.Mason, 
R.J. Parkin and H. Patrick - "The Journal of Agriculture of 
Western Australian - Vol.10, No.2 - February 1969 (Bulletin No. 
3635) 0 
Overall there were twelve trials in which drilling of 
urea was compared with broadcasting. In nine of these trials the 
ammonium nitrate was also tested. In eight of the twelve trials, 
urea drilled with the seed resulted in lower yields the;in where the 
urea was broadcast. This effect was greater as the rate of appli-
cation increased. In two of the remaining four trials there was 
no final yield response to nitrogen but drilling of urea had caused 
a reduction in plant numbers. In one trial there was no effect due 
to drilling the urea, but in the remaining trial, final grain 
yields• showed that where urea was drilled with the seed at lower 
(\ 
rates yields were higher than for broadcast applicationo At 150 
lb urea/ac drilled with the seed the yield was considerably lower 
than the broadcast application anq there was a considerable 
reduction in plant numbers with this treatmento 
In all but one of the trials with ammonium nitrate there 
was little effect on yield due to drilling compared with broadcast 
application~ except at the highest rates 9 where the effect was 
much less marked than with ureao In the remaining trial at 
Condingup 9 ammonium nitrate drilled gave higher yields than where it 
was broadcasto Comparisons of drilled versus broadcast applications 
of urea or ammonium nitrate are shown in figures 3 and 4o These 
figures represent the mean of all trials in which a response to 
nitrogen was obtaineda Figures 5 and 6 set out the number of 
comparisons :Jn whi.Gh drilling was inferior to broadcasting and vice 
versa 9 as regards final. grain yieldso 
The main reason for the harmful effect of drilling urea 
with the seed is the fact that free ammonia is formed during the 
hydrolysis of urea and this free ammonia is toxic to germinating 
seedlingso Therefore if conditions allow high levels of free 
ammonia close to the seed there can be a considerable reduction in 
the final plant emergence numberso Obviously the danger of a build 
up in free ammonia becomes greater as the rate of application of 
urea is increasedo The effect will be lessened if the soil is very 
wet because ammonia gas is very soluble in water to form ammonium 
nitrogen which is not toxic to the germinating plantso Therefore 
conditions in which the effect will be most severe would be those 
where the urea is drilled with the seed and there is just enough 
moisture to start hydrolysis of the ureao On the other hand if 
there is heav7 rain after seeding the effect should be considerably 
lessened a 
There is-also another process operating which can also 
affect germination and since ammonium nitrate does not form free 
ammonia except on very calcareous soils 9 this process would be the 
only one operating in the case of ammonium nitrateo Due to the 
placement of large amounts of the fertilisers close to the seed 
there is a considerable increase in the osmotic pressure of the 
solution surrounding the seedo This will make germination more 
difficult and may delay germination for some timeo If this was 
the only process operating~ ammonium nitrate should have a much more 
marked effect on germination than urea~ due to its higher salt 
index (see the table on page 1)o 
The loss of some plants will often not have any effect on 
grain yields eogo If 45 lb seed/acre are sown on a weed free siteo 
In this sftuation maximum yields may be attained with a seeding 
population considerably below thiso 
An example of the effect of drilling urea and ammonium 
nitrate on the number of plants germinating is shown in figure 7o 
These results are from a trial at Wongan Hills Research Station 
in 19690 
Conclusions: 
1o If urea is topdressed on the surface of the soil ahtl left 
there uncovered there is a danger of loss of nitrogen to the 
atmosphere as ammonia after volatilisationo This is not a danger 
with ammonium nitrate except on very calcareous soilso 
2o Drilling urea with the seed has a harmful effect on 
germination and is likely to result in reduced yields~ especially 
at higher rates of applicationo Ammonium nitrate is only likely 
to have an effect. on ge~mination and yield at higher rates of 
application and the effect is much less marked than with ureao 
b'1 
4. 
3. Overall results have shown ammonium nitrate to be a more 
effective source of nitrogen than urea and at present prices it 
costs much the same as urea per unit of nitrogen. 
4. Best results can be expected from urea when it is top-
dressed in front of the seeding machine and covered with a small 
amount of soil during seeding, except in areas where later 
applications are recommended. The a~plication at seeding can be 
made by fitting an extra fertiliser box or by towing an old 
combine or drill in front of the seeding machine. 
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ANHYDROUS 
MoGo Mason 2 Research Officer. 
Anhydrous ammonia 9 as the name infers, is pure 
ammonia. It is kept in a liquid form under pressure and 
must therefore be stored in special vessels. When the pre-
ssure is released it changes into gaseous form., ~A+rbyd:rous 
Ammonia is the most concentrated form of nitrogen"fertiliser 
available. It has 82% nitrogen compared with 46% for urea, 
the most concentrated solid nitrogen fertiliser. Current 
prices (29/4/70), for anhydrous ammonia and price per unit 
of nitrogen are shown in the following table:-
*Price Price Price 
FERTILISER Per Ton Per Unit~ Per Pound 
of of of 
Fertiliser Nitrogen Nitrogen 
$ $ $ 
Anh;,zdrous Ammonia:-
Farmer Application: 
Less than 125 road miles 
from Perth 175. 00 2 .01 0.09 .. , .. 
125-250 road miles 
from Perth 183.00 2.23 0010 
250-325· roaa:-·filr1es ' i _,:.·, 
from Perth , · 189.00 2.30 o. 10 
More than 325 road miles 
from Perth 193000 2.35 o. 10 
Urea** 75.80 1.65 0.07 
Ammonium Nitrate** 57.10 1.68 0.075 
Sulphate of Ammonia -
Metro & Bunbury 48.50 2 .31 o. 10 
Gtn. & Albany 54.00 2.57 0 0 11 
Esperance 56.00 2.67 o. 12 
· * These prices are at the works and application cost should 
be added where applicable. The price of anhydrous ammonia 
includes transport to the farm. Freight from works would 
have to be added for the fertilisers other than anhydrous 
ammonia. 
** Standard price at all works. 
~- A unit of nitrogen is taken as 1% by weight per ton and is 
actually 22.4 lb. of nitrogeno 
. If freight was $5.00 per ton~ this would add $0o05 
to the price per unit of nitrogen applied as solid nitrogen 
f 1ertilisers. 
, Farmer application means that an ammonia applicat-
ion rig is supplied to the farmer for towing with his own 
tractor. The rig is set up by the CoS.B.P. servicema.n_and the 
f~rmer is instructed in its use. This service is included in 
! 
I 
I 
I. 
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the costs quoted in the table. The farmer would then have to 
make allowance for hls own application cost. The anhydrous 
ammonia can also be applied as a "Custom Application" where the 
whole applicati.on is made by the serviceman and the farmer is 
not involved at all.o Obviously the cost of the fertilise;& 
would then increase. Extra charges with custom application 
wou.ld be as follows~= 
Application ) 50 lb/ae. 
" 40-50 lb/aa. 
" 35-40 lb/ac. 
Add $25.00 per ton 
Ii $30000 II 11 
IU $35.00 11 II 
These extra costs would add about 55 cents per acre 
·to costs which would correspond approximately to the cost of 
a:ppJ.ication by the farmero Therefore there would be little 
difference in cost of ammonia applied as a farmer or a custom 
application. 
If the solid fertilisers are applied in a separate 
operation this extra cost of applica·tion of a bout, 55 cents per 
acre would also have to be added to costs • 
.Anhydrous ammonia applied to the eoil initially has 
an alkaline effect rou.nd. the point of application~ However ·: 
the ammonia nitrogen is :'.gradually oxidised through the ni tri-
fica t ion process and therefore the final result i~ an in-
crease in acidity in the soilo The degree of ac:j.dity per unit 
of nitrogen applied is similar to urea or ammoniUJfi nitrate 9 i.e. 
about 36 ow·t. Ca Co. per m1it otC nitrogen. Sulphate of 
ammonia. is mu.ch mor~ a.oid forming - 107 cwt. Caco3 per unit 
of ni.tr oge:n. · 
I 
.Ammonia can attach itsalf to the clay p~rticles in 
wet or dry soils~ In a wet soil the ammonia dis~olves in the 
soil mois'ture 9 as it is ·very soluble 9 and forms NR4 0H. The ammonium ions having a positive charge take theirlplace on 
exchange s:j.i:es of the clay particles 9 perhaps displacing bases 
such as ca++ 9 Mg++ or K+. When the ammonia is $.pplied in 
dry so].1 it ca:n combine with a hydrogen ion on an! exchange site 
and thus result in exchangeable ammonium ions. ~oil organic 
matter al.so provides exchange sites to retain the I ammonia. 
However 9 some ammonia can also be fixed in an unavailable form 
by the orgar:dc matter. ! 
In dry soil 0 when ammonia is injected there is a 
greater chance of loss of ammonia to the a.tmosphe~e than with 
a.n application ma.de in moist soil. In the case!of moist soil 
the ammonia is quickly dissolved in the moisture ~d retained 
ar•otmd the point of application~ Cases have been reported 
where losses of ammonia occurred in moist soil due to the 
failure of the furrow to close, behind the tynes ib. some soilso 
This could be overcome by the use of press wheels! following 
the ty.n:es.-. .. CoS.B.P. have overcome the problem by use of very 
narrow tynes... In dry so:iU. the ammonia. gas spreads out a lot 
further from 'the poir1t of application and may rea~h the sur-
face where it can es~ape to the atmosphere. Forlthis reason 
it would be better to make the application deeper! on a drier 
soilo 
Ammoni1..un nitrogen is not leached easilyl in soils 
which have a reasonable content of clay or organib matter due 
to the fact that it is held on exchange sites as ~escribed 
previously. This is one reason why the ammonia ~s retained 
in the application zone for some time. Normall~lnitrogen 
applied as the ammonium form is held in this maIDJ.er but is 
fairly quickly nitrified to form nitrate nitrogenJ which is 
not retained by the soil and is easily leached further down 
the profile. An.hydrous ammonia is generally cre~ited with 
a longer lastin~ effect in the soil and this has '.been demons-
trated locally (Mason 1969). The reason for thi~ is pro~ 
bably due to the following:= 
7'1 
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Anhydrous ammoni~ is applied in a very narrow bando 
This means that the concentration of ammonia around the point 
of application is very higho Free ammonia is toxic to organ-
isms so that this application of ammonia usually~sterilises a 
band around the point of applicationo This means that there 
are no ni trifying bacteria present in this zone to change the 
ammonium nitrogen into nitrite nigrogen and subsequently to 
nitrate. This limits leaching for a timeo Gradually tnese 
bacteria carry on nitrification arou,nd the perimeter of this 
zone and gradually work their way into the centre to finally 
recolonise the whole zone. 
Trials: 
1965 
1966 
1967 
1968 
1969 
The follow:ing trials have been carried out:-
Wonga.n Hills Research Station (3) 
Wongan Hills Research Station (1) 
Wongan Hills Research Station (2) 
Badgingarra Research Station (1) 
Moulyinning ( 1 ) 
Nth. Lake Grace (1) 
Westonia ( 1) 
Merredin R~search Station (1) No response to : . 
nitrogen .. 
Tammin ( 1) 
These trials have compared anhydrous ammonia with urea 
or ammon~ilm nitrate. The effect of depth and time of applicat-
ion have also been investigated. 
Depth of Application: 
In 1965 two of the three trials showed very marked 
significant effects due to depth of applicationo On Wonga.n 
loamy sand applications 6 inches deep averaged 3 bus/ac. more 
than those 4 inches deep. On the sandier Mocardy sand appli-
cations to a depth of 8 inches averaged 4 bus/ac. more than 
(' applications 6 inches deepp which in turn averaged 0.8 bus/ac 
more than 4 inch applications. In the third trial 9 although 
the six inch application yielded m9re than the tollr. inch 
applic$tion, the effect was not statistically significant. 
In 1966 on Elphin loamy sand there was an overall 
yield advantage to six inch application over four inches 
deepp but there were variations with treatments. The over-
all effect was not statistically significant. 
In 1967 only·one of the trials compared different 
depths of application. This was at Badginga.rra on gravelly 
sand over gravel. There wa.s a slight yield advantage of the 
six inch deep applicat.ion .. ove.r the four inch application but 
the effect was not statistica:lly, significant. 
In 1968 there was little efi'ect due to depth of 
application. Neither of the two trials gave a significant 
effect a 
In 1969 the trial at Merredin Research Station did 
:.1 . "' r · · ·.~o~ giY.~·C"a. :J\es:I¥>n$t:t~ ·t.P:~:i. trogem, ... c ::·:A~.Jf.e$:t.o-n.:ba ·:th.er.ei wa.s.':l'!a·. ··, -,.~ 
·· .:r'·'d~~f~:!',eJleEi. be,twee..~ ;,d~pths !!T.t'. appl,:icat.:ion.1 '.;.1HoW.e:v;er.;' at :f.ramm±n, 
... -' · th~:ffep.;pl~~\iio~ ... m~<i.ei. G .ine:.h~¢<1~~ep.1 :ave.r.agted:.'1e.~. bus/iac.!!~mo.Pe " · · · ~ -{:~·~!~f)'~·:i~ll!:Qh 'titPPl:-~_0'?J:t:i£QJa:n1. t ~his r ~fr.f'eGt was significant 
From these results it can be seen that better yields 
are not always obtained with applications 6 inches deep rather 
than 4 inchesp but the difference occurs enough times to re-
commend the deeper applicationp which would be E!xpected to give 
at least as good results as 4 inch deep applicationsp with the 
possibility of better results. There is no reason to expect 
any worse results with the deeper application than with the 
shallower one. The depth of application is likelv to become 
more important 9 the more sandy the soil and also as the soil 
moisture at application is lower. 
Unfortunately it is unlikely that oommercial appli-
cations would be made deeper than 4 inches. The use of an-
hydrous ammonia is unlikely to be successful on very shallow 
soils where penetration to any depth is unlikely to be possible, 
e.g. very gravelly soils with sheet laterite close to the sur-
face in many parts o 
!,~f Application~ 
The method of application of anhydrous ammonia makes it 
necessary to inject the fertiliser into the soil at some time 
before planting, In 1965 applications made two to four weeks 
after seeding were tested in one trial. Using these times of 
application gave yields of 4 to 4.5 bus/ac. below those obtained 
with application just before seeding. The yields with these 
post seeding applications were still above the yield of the con-
trol9 but were not profitableo These applications were made 
using stubble applicators 9 i.e. large discs without any set on 
themp instead of using tynes. Each disc was followed by a 
press whF.iel to press back any plants which were dug up by the 
discso Howeverp there was still considerable mechanical damage 
to the plantsv Al.so there was the possibility of damage to the 
plant roots due to the ammonia applied into the root zone at this 
stage. Therefore post seeding applications of anhydrous ammonia 
are not likely to be used. 
·In one trial in 1965 app.lication at seeding (immediate~ · 
ly before seeding) was significantly better than application two 
weeks before seeding (2 w.b.s.), averaging 1.5 bus7ac more. In 
another trial 9 although application c:immed ~· · before seeding aver-
aged 1.3 bus/ac. more than two weeks before seedingp the effect 
was not statistically significant. 
In 1966 in the one trial the effects of time of appli-
cation varied with other treatments and the overall effect was 
not statistically significant 9 though application five weeks imnied .. · 
before seeding averaged a little higher yield than rl:mmed±at:ely 
before seeding. 
In 1967 at Wongan Hills there was ~ significant effect 
due to tJ.me of application. Best yields were obirained with 
application · immedc; . before seedingp followed by four weeks 
before a.nd two weeks bef0re. Applications made in dry soil six 
weeks before seeding gave considerably lower yields. At Badgin-
garra although higher average yields were obtained with appli-
cation two weeks before seeding i·ather than imrai be:fore,~:see·d::j..ng;,.'nthe 
effect was not statistically significant. 
Both trials in 1968 resulted in no difference between 
applications made immed" before seeding or two weeks before 
seeding. 
In 1969 there were no differences between applications 
made · immed... before seeding or two weeks before seeding in two 
trials. 
81 
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These results seem to indicate that applications made 
up to four weeks before seeding could be satisfactory if applied 
to moist soil but it would be preferable to haYe the application 
as close to seeding as possible o 
Anhydrous Ammonia Versus Urea and Ammonium Nitrate~ 
In 1965 urea and anhydrous ammonia were compared in 
three trialso In two trials anhydrous ammonia applied 6 or.8 
inches deep at seed.ing outyielded urea and also resulted in 
greater prof:a -t;han urea. In the third trial, urea was better 
at the lowest rate 9 anhydrous ammonia was better at the highest 
:r.ate~ while i.;here was little difference with the m.id.1111:1 .r.C:L·~eo 
In the first two trials 9 application of anhydrous ammonia 4 inches 
deep gave poorer results than urea. 
In one trial in 1 966 anhydrous ammonia gave better re-
sults at lower rates w:b.J.le urea was better at higher rates. 
At Wongan Hills in 1967v anhydrous ammonia gave better 
yields than urea at all but thie lowest rate 9 but when economics 
were considered there was little difference between the sources. 
At Badgingarra 9 anhydrous armnonia was superior to urea when appli-
cation was made at seeding. With application two weeks before 
seed~g there was little differa::ice in ;yields with the two sources 
and ·therefore urea was more profitable o 
The sources were compared in ·two trials in 1968. In 
one of these anhydrous ammonia slightly outyielded ureav but the 
latter source was more profitable~ In the o·ther trial anhydrous 
ammonia applied 6 inches deep two weeks before seeding ga-..re higher 
yields and ret;urns than urea. Anhydrous ammonia applied 4 inches 
dr;?,ep at seeding gave yields equal to those with urea but was less 
profitable than urea. 
In the trials in 1969 there was very .little difference 
between sou.roes o 
All trialsp in which a response to nitrogen was obtained 9 
were considered together. At rerc:om:mended rates for each sitev 
anhydrous a.rrmonia applied 6 inches deep at seeding 9 gave higher 
yields than urea :L.~- 6 cases v urea was better in 2 cases and there 
was no difference in one case. When the anhydrous ammonia was 
applied 4 inches deep at s~eding it yielded higher than urea in 
five c:ases 9 urea was better in two cases and there was no dif-
ference between the two sources in two casesc The average re-
sponse curves are shown :in Fig. 1 • 
When prices of fertilissrs were considered anhydrous 
ammonia applied 6 inches deep at s<eeding was more profitable in 
four cases and urea was more profitable in five caseso When the 
anhydrous armnonia was applied only 4 inches deep at seeding it 
was more profi"table than urea in three casesv while the urea was 
more profitable in six Qases. The average returns in all trials 
are shown in Fig. 2. 
Summary~ 
Overall 9 if a..'1.hydrous ammonia was applied 6 inches deep 
the average yields were about 1 bus/ac. higher than applications 
4 inches deep. These shallower applications gave similar yields 
to urea applied at recommended timeso At one rate urea was in-
ferior. When prices were considered anhydrous ammonia 4 inches 
deep was less profitable than ureap which in turn was not as 
profi ta bJ.e as anhydrous ammonia. 6 inches deep. Since it is un-
likely that many applications would be made to 6 inchesv these 
results would suggest that it would be safer to use urea. Also 
-6-
ammonium nitrate has been shown 9 on the average 9 to be slightly 
superior to urea. (See separate report.) Therefore .ammonium 
nitrate could be expected to be superior to anhydrous ammonia at 
present prices. 
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for wheat growing" - "The Journal of Agriculture of Western 
Australia 9 9: 98. 
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PLANT RESEARCH DIVISION 
SUMMARIES OF EXPERIMENTAL RESULTS 
M.G. Mason - Research Officer 
"CONTINUOUS CROPPING TRIALS" 
1 • 
CONTINUOUS CROPPING TRIALS 
Below are the yield results of a UQ.ID.ber of trials 
which have been continuously cropped for a number of years. 
61A2 - Avondale Research Station (medium textured soil) 
17 .6 
18.6 
;22.9 
i~.5 
* Mean of 3 sources 
24.7 
26.9 
**~-, First crop on old clover 
f.f'C.A.N. poorer than other 
+ .very weedy 
land 
sources 
11.8 
14.7 
18.0 
19.3 
20.8 
23.9 
There have been no great problems with this trial. · For 
a number of y!:H:p::.s the plots have required. chemical spraying to 
control wild oats which had built up. In 1968 and 1969 some 
plots were soil sampied to determine the effects of various 
fertiliser treatments on soil properties. These details are 
reported in Appendix 1. At the commencement of the trial in 
1961 the basal super rate was 150 lb/ac. A check treatment 
receiving 100 lb super/acre was included. The idea was that 
when the yield from this low rate of super was not significantly 
different from the higher number for several successive years 
then the basal super rate would be dropped to that of the check 
treatment and the rate of this check treatment dropped even 
further. In this trial the basal was changed to 100 lb/ac in 
1963, yo 80 lb/ac in 1966 and to 60 lb/ac in 1970. A mixture 
of nutrients, mainly trace elements, is added each year with 
the highest rate of each nitrogen source. Except for 1962, 
when the addit.ion of the trace element .mixture caused a 
significant drop in yield, there were no significant effects 
in other years. 
61WH2 - Won an Hills 
Yield 
. ** ++ 1 . 61: 1 62 1 1 6 
0 48. 7 36.7 21.6 38.3 
25 49.7 42.0 26.0 39.8 
50 50.3 44.0 29.0 43.9 
75 49.8 46.4 29.0 43.0 
100 51.0 48.4 28.3 42.5 
150 48.7 49.8 31 • 1 43.4 
* Mean of 3 sources 
** ff 
First crop on old clover land 
Rust 
Sand 
++ ++ 
1 6 1 1 68 
45.6 28.3 20.6 15.1 
48.8 Nit- 29.9 22.0 17.7 
53.4 rogen38.4 26.7 22.4 
53.4 put 137 .4 27.2 19.3 
54.7 on 38.3 26.5 17.7 
56.0 wrong35.6 26.2 15.9 
lot 
++.- Sulphate of Ammonia poorer than other sources especially at 
higher rates. 
g7 

The plots have had wimmera rye grass in them for a 
number of yearso The incidence of this weed has been higher 
on the sulphate of ammonia plots than those receiving the 
other sources. In 1968 and 1969 some plots were soil sampled 
to determine the effects of various fertiliser treatments on 
soil properties. These details are reported in Appendix 1. 
The basal rate of super has not been changed from 150 lb/ac 
since the commencement of the trial because the 100 lb/ac 
rate has not yielded as high as 150 lb/ac. The only signifi-
cant effects due to application of the trace elemenbs were in 
1966 and 1968. In these years~ the trace elements added to 
calcium ammonium nitrate or sulphate of ammonia caused a 
reduction in yield~ while in the presence of urea the yield rose. 
61GE6 - W.A. Wilson Binnu Yellow Sand lain 
Yield Bus 
1 6 1 1 6 
Nil 3o1 6.5 5.0 
25 6.0 Plots 11.4 14.8 Plots 
50 9.2 eaten 14.5 19.3 wiped 
75 12.3 by 21. 7 25.6 out by 
100 1301 rabbits 24. 1 27.2 weeds 
150 14.9 29.9 28.9 
* Mean of 3 sources 
** First crop on virgin yellow sandplain 
This trial was abandoned in 1969 due to excessive 
weed build up 9 which also wiped out the 1968 crop. The basal 
rate of super was not changed from 150 lb/ac throughout the 
trial because the 100 lb/ac rate never yielded as much as the 
higher rate. This rate of 150 lb/ac was not the optimum for 
the situation and a higher basal rate would have been better 
at the beginning of the trial. There were no consistent 
effects due to the addition of trace elements. 
man Research. Station Red sand lo 
Yield Bus ac 
1 6 1 1 6 + 1 6 + 
Nil 23.1 27.5 25 0 1 28.4 21.2 13.0 
25 25 0 1 32.2 28.2 33.2 21.2 i4.8 
50 2601 35.4 32.8 34.4 2L6 16.4 
75 26.9 37.2 35.6 35.7 23.3 17. 2 
100 25.8 41.9 38.3 35.2 23.8 17 .3 
150 31.6 40.;8 45.4 37.5 28.1 18.9 
* Mean of 3 sources 
** Second successive crop on old clover land 
+ Cereal eelworm in some plots 
This trial has now been abandoned due to the build up 
in cereal eelworm. This makes the 1969 yields unreliable 
because some plots were badly affected by the eelworm. Attempts 
were made in 1967 and 1968 to control the eelworm by fumigation. 
(-, 
This was a costly treatment but did not eliminate ths eelworm. 
The basal rate of super was not changed from 150 lb/ac 
throughout the trial, because the 100 lb/ac rate never yielded 
a,s much as the higher rate. The addition of the trace 
element mixture on this trial has generally caused a reduction 
in yield, especially when added with the high rate of sulphate 
of ammonia. Plants from some plots were sampled in August 
1967 and analysed for Manganese~ Zinc, Iron and Copper. The 
poorer growth on the plus trace element plots was associated 
with a much higher level of iron. The levels of Manganese, 
copper and zinc were only slightly higher than on the plots 
without trace elements added. 
Carr & Sons Min enew Red Brown Sand Cla Loam 
Yield Bus .ac 
Nil 6.8 19.0 
25 
50 
75 
100 20o9 16.0 23.2 13.4 27.9 
150 23.5 18. 6 30.2 15.4 29.4 
200 20.5 33.3 16.3 29.2 
250 20.6 33.4 
300 18.0 26.5 
* Second successive crop on old land - n'o clover 
+ Sulphate of ammonia.used 
** Urea used 
This trial was a different design to those shown 
earlier. The level of wimmera rye grass in the plots became 
quite high. Also the plots were sprayed several years to 
control wild turnip. The trial was terminated in 1968. 
h School Yellow Loam Sand 
Yield Bus ac 
1 6 * 1 6 1 66 1 67 1 68 
Nil 9.9 160 1 29.4 18.6 
25 10.3 18. 0 31 .o Plots 19.9 
50 11 • 7 20. 1 33.3 . eaten 20.7 
75 1L7 ·" 24.5 34.9 by 2L8 
100 11.5 25.5. 38. 1 sheep 22.2 
200 1o.9 28. 1 37.3 21 0 1 
300 12.5 29.7 34.9 
* First crop after one year ,fallow following two crops on 
new land. 
...... ..,.. .. 
This trial has now been terminated. 
** 
68 
10.8 
14.6 
16.0 
17.3 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
62WH1 - W ornran Hills Research Station (Won~an Loamv Sand) 
Treatment 1%2* 1g6-, 1g64 I 
Stubble Burnt S/A Nil 33.8 11o 5 24.5 
II II II 56 36.7 16.7 28.4 
II II II 84 36.2 19. 1 28.6 
II II II 11 2 39.4 20.8 32. 1 
II II " 168 37.2 23.4 28.4 
II II II 224 39.4 27.4 33.3 
" " II 280 38.9 30.5 33.6 ,, II " 336 38.6 ~t3 0 '( 32.0 II Ii II 392 37.0 27.4 31.3 
" II " 448 36.5 29.7 30.0 
Stubble not burnt S/A Nil 30.0 12.8 11 .4 
II " II II 56 33.4 17.0 14.6 
II " " II 84 36.8 20.3 16.2 
II II II II 112 35.8 19.8 15.1 
II II If If 168 35.5 22.8 18.5 
II II II II 224 37.0 24.0 '17 0 7 
II II II II 280 36.7 2508 18.0 
II II II If 336 38.6 27 0 1 15.9 
II II II u 392 36.0 23.4 13.0 
If II II II 448 38.2 25.0 12.5 
* Second successive crop on old clover land 
S/A = Sulphate of Ammonia 
1g65 
26.6 
29.0 
32.3 
32.6 
40.4 
39.9 
42.2 
43.0 
41.7 
40.6 
13.3 
13.9 
12.0 
13.3 
11.8 
8. 1 I 8.3 
6.0 
4.7 
6.0 
1966 
19.2 
21.2 
22.6 
23.6 
26.2 
25.7 
22.6 
26.4 
20.8 
20.2 
7.2 
7.2 
9.2 
6.6 
6.6 
7.0 
5.7 
4.5 
4.5 
7.0 
There was a serious build up in wimrnera rye grass; in 
these plots and this was much more marked in the plots where 
the stubble was not burnt. Most of the difference in yields 
due to stubble treatment was due to this difference in 
wimmera rye grass population. These results have been 
published:- Reference: "Stubble Burning Helps Control 
Wimrnera Rye Grass" by M.G. Masonp W.J. Toms and J.W. Gartrell 
- "The Journal of Agriculture of Western Australia" - Volume 
9P No. 12 - December 1968 (Bulletin No. 3622). 
In 1967 the trial was not sown as attempts were made 
to control the rye grass and the trial has now been recommenced. 
** 
The aims of the trials at Binnup Chapmanp Wongan Hills P 
Avondale and Merredin were:-
1. To determine whether the application of nitrogen and 
fertilisers can maintain yields under a "continuous cropping" 
system. 
2. To compare the merits of three sources of nitrogen for this 
purpose. 
3. To determine the maintenance dressing of superphosphate 
under this system and the need for supplementary fertilisers. 
To date there is no real evidence of a decline in yields 
with successive cropsj even in the absence of nitrogen. Nor 
has there been any evidence that the response to nitrogen is 
increasing in successive years. There have been large 
fluctuations from year to year due to variations in seasons. 
More recently continuous cropping trials have been 
started at Newdegate and Salmon Gums Research Stations and in 
1970 a new trial will be started to replace 6301. 
'11 
Where cereal eelworm is a problem a system of 
continuous cropping would not be feasible. Weed control will 
be an important consideration in a continous cropping system. 
Stubble should be burnt where possible and weeds such as 
wild oats or wild turnip may have to be controlled by 
herbicide sprayse 
I 
( 
.A:PPENDIX 1 
Effect of Continued Application of Sulphate of Ammonia on Soil 
Properties 
In 1968 some plots of continuous cropping trials at 
Chapman, Wongan Hills, Merredin and Avondale Research 
Stations were soil sampled. The results of these have been 
given in a previous report. A summary was given as follows:-
Over all trials sulphate of ammonia caused a drop 
in pH with a rise in Exchangeable Hydrogen. Total Exchangeable 
bases (T.E.B.) fell at all site.s except at Chapman, where the 
pH effect was least and the trial had been going two years 
less than the others. Base Saturation% fell at all sites. 
Cation Exchange Capacity (C.E.C.) fell at Avondale and Wongan 
Hills but rose at the other two sites. 
Urea had similar effects to S/A but to a much lesser 
degree. Chapman differed a little from the other sites, 
because of an increase in T.E.B. and little effect on pH. 
Calcium ammonium nitrate had little effect overall. 
At Chapman and Merredin, C.E.C. and T.E.B. were up. Only at 
Chapman did Exchangeable Calcium increase to a great degree. 
There was a small increase at Merredin. 
These determinations were only carried out on soil 
sampled from nil plots and those receiving the highest rate 
of each source of nitrogen, i.e., the equivalent of 150 lb 
urea/ac. The investigation was prompted by the fact that · 
plots continually receiving high rates of sulphate of ammonia 
had given poor results after a number of years. 
Following these 1968 results it was decided in 1969 
to soil sample all rates of S/A to determine the effect o+-, 
the lower rates also. These results are reported in the 
following:-
In the period 13th August to 3rd September, 1969, 
three trials were soil sampled. These trials were: 
1. 61WH2/1378Ex - "Continuous Cropping with Nitrogenous 
Fertilisers" - Wongan Hills Research 
Station. 
2. 61M11/1378Ex - "Continuous Cropping with Nitrogenous 
Fertilisers" - Merredin Research 
Station. 
3. 61A2/1378Ex - "Continuous Cropping with Nitrogenous 
Fertilisers" - Avondale Research 
Station, Beverley. 
At t.'his time of sampling all three trials were in 
their ninth successive crops, receiving the same nitrogen 
treatments each year. Site 1 is on Wongan Yellow loamy sand 
with a surface pH of about 6.0 to 6.1, and was old clover 
land prior to the commencement of the trial. Site 2 is on a 
grey-gravelly sand with a surface pH of 5.6 to 6.0 and was 
·on old land not sown to legumes before the start of the trial. 
Site 3 is on ared brown sandy clay loam with a pH of about 
6.0 to 6.4- at the surface, and was old clover land prior to 
the comniencement" of the trial. 
( ...... -~, 
s~ 
After determining the effects of high rates of the 
nitrogen sources on the soil properties with the 1968 samples 
all rates of sulphate of ammonia were sampled in 1969 to 
ascertain the effects of lower rates. The treatments 
sampled were:-
1 • Nil nitrogen 
2. S/A 56 lb7ac 
3. S/A 112 lb/ac 
4. S/A 168 lb/ac 
5. S/A 2~4 ~b/ac 
6. S/A 336 lb/ac 
Soil samples were taken with a 2 inch auger at two depth 
intervals, viz. 0-4 in. and 4-8 inches. Six holes were used 
on each plot 9 alternating between inter-row and intra-row 
sites. All six samples from each depth interval on each plot 
were bulked and subsampled. These soil samples were 
subsequently analysed by the Government Chemical Laboratories 
to give the following determinations:- pH, Exchangeable 
Calcium, Exchangeable Magnesium 9 Exchangeable Potassium, 
Exchangeable Sodium 9 Exchangeable Hydrogen, Cation Exchange 
Capacity (C.E.C.), and Total Exchangeable Bases (T.E.B.) 
Results: 
At Avondale all rates of S/A caused reductions in the 
pH in both the 0-4 and 4-8 inch zones of soil (Fig.1). The 
most marked drop in pH was due to the first increment of S/A 
(56 lb/ac). The maximum fall in pH was 1.1 units in the 4-8 
inch zone after continued application of 336 lb S/A per acre. 
This effect was associated with a drop in exchangeable bases, 
mainly exchangeable Calcium, and a rise in exchangeable 
Hydrogen. The effect on C.E.C. was small 9 but there was a 
tendency for the level to fall ~n the 0-4 inch zone after 
application of S/A. 
At Merredin the effect on pH was similar to Avondale, 
i.e. pH dropped as rate of S/A increased, with the biggest 
single fall due to the first increment of S/A. Here the fall 
in pH was associated with falls in exchangeable Calcium and a 
rise in exchangeable Hydrogen. There was little effect on the 
other exchangeable bases. The addition of S/A tended to cause 
a rise in C.E.C. 
At Wongan Hills the effect on pH was similar to 
Avondale and Merredin. This was associated with a fall in 
exchangeable Magnesium and Potassium 9 but mainly exchangeable 
Calcium. There was a rise in the level of exchangeable 
Hydrogen. In this case there was little effect on C.E.C. 
Summary: 
All three trials showed that the soil pH in the 0-4 
and 4-8 inch zones fell with the continued use of sulphate of 
ammonia. The fall became more marked as the rate of S/A 
increased, but the biggest single fall was due to the first 
increment of S/A (56 lb/ac). This means that normal rates of 
application are capable of having a marked effect on the soil 
pH. 
In all cases this drop in pH was associated with a rise 
in exchangeable Hydrogen and a fall in exchangeable Calcium. At 
Avondale and Wongan Hills exchangeable Magnesium and Potassium 
were also affected but to a lesser degree.than the exchangeable 
Calcium. The effect of S/A on C.E.C. was variable. It caused a 
rise at Merredin, no effect at Wongan Hills and only a small 
drop at Avondale. 
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NITROGEN USE ON FIRST CROPS AFTER LEGUME PASTURE 
M.G. Mason,_ Research Officer 
ipart from the normal factors affecting response of cereals to 
nitrogen fertilisers, i.e. length of growing season, rainfall, so±,1 
type, etc., there are other factors which affect the response after 
a legume pasture. These factors include length of the previous . 
legume phase and how good was the stand of legumes. Unfortunately 
for most of the trials in the past, involving the use of nitre.gen 
on first crops after legumes, this information is not available. -
\ ' .. 
Obviously the poorer the pasture prior to cropping the better 
chance there will be that a response to nitrogen will be obtained 
a on the crop. -- ·Also, more nitrogen is added to the soil, the longer 
W the legume pasture is grown. However a considerable amount of -
nitrogen can be built up in the soil from one year of l~gumes. --
There may also be differen.ces between legume -s.PScies in their' 
ability to build-up nitrogen in the soil-. Again it would be-,_,,_-. 
expected that·. the legume most suited to the- situation will grow 
best and :would .. be more efficient in adding nitrogen to the.soil. 
From results of\ past trials, it seems as thou,gh there is a greater 
chance of obtaining a profitable response to. nitrogen after lucerne 
or lupins than after annual medics or subclover • 
... · 
'· 
The results .. of 100 trials were considered to determine overall 
effects of nitr·0gen after legume pastures. Ohl.y 12 of these trials 
were located in -- Zone A and were all on subclover or annual medic 
country. Ei;ght,,_of- these (67%) gave profitable responses to~ 
nitrogen. In Z.Op.~-B there were 51 trials, of which 36 (70%) gave 
a profitable response to nitrogen.~ Nine of the trials giv~g a 
profitable response were after lu.tl;i:ns or lucerne, while two .of the 
trials not giving·· a profi "table response were on crops following 
lupins or lucerne • -There were 35 trials - in Zone C, of which 21-
( 6()%) gave a profitable response, including 5 after lucerne or 
lupins. Of the trials which did not show a profitable response, 
two were after lucerne. -
It would seem that this number of trials would give a good in-
dication of responses to nitrogen after legume pastures. However, 
there is scope for further investigation because many of tl).e trials 
were concentrated. in certain areas, while there were no trials in 
other areas. 
The distribution of these trials is shown in Table 1 . 
• . . . . . • ·/2 
1 
Advisory 
District 
}eraldton 
~oora 
~ortham 
~erreQ.in 
~arrogin 
Gake Grace 
rat::i11ning 
( 
Je.amungup 
~sperance 
3ridgetown 
Ubany 
TABLE 1 0 
Number of Trials 
Zone A 
3 
Zone B 
15 
(incl~ding 8 at Sma~t 
Mingenew & ~1~) 
0 1 
0 26 
( inel .. 1 9 Wongan R. S. 
and 2 Badgingarra R.S.) 
1 9 
4 1 
(one on Res.Stn.) 
2 0 
0 1 
* * 
* 0 
2 
( 1 at Salmon Gums 0 
Res .. Stn-.) 
* * 
* * 
* None of this zone in the district. 
Zone C 
* 
* 
0 
5 
(All at Avondale 
* 
2 
0 
0 
1 
24 
(21 on Esp. Downs 
Res. Stn.) 
1 
2 
R.S. 
I 
i 
i 
I 
I 
I 
I 
I 
I 
- W.A. Department of Agriculture 
Nitrogenous Fertilisers for Cereal Grain Crops 
Results from 1969 Trials with Wheat, Oats, Barley and.Linseed 
These results are tabulated for 3 zones, A, B and C, which are delineated on a map ~ Bulletin No. 3575. 
"Nitrogen Fertilisers for Cereal Production" by M.G. Mason - (Journal of Agriculture of W.A. - May 1968). 
ZONE A 
S:t~e·- ·: ..... 
·: -
.:~. ~·: -_, .•.. _ .... 
Soil>Type 
-- "' .. ·.;-.... ···' 
Brown loamy .'sa.p,d, . , '"· 
over yellow·. lo:~ .. 
sahd a.t· 6 inches~·>; 
\- w odgil, i.vrall::ee ' _ ,
Crop 
Compiled by M.G. Mason, Research Officer 
All yields a~e in bushels/acre 
i---U.,.r_,.e ... a...._..( ... 1,_b ... 1 / .... a... c... ) ,..(..,..o_.· r._· ,...E-r11 .... u__ 1...,v ... a=1 ... en..,t.._) ______ -t Mean tExpt. 
Nil 25 374 ·50 75 100 150 No. 
wxm.AT-- 9.9 
12.8 15.8 
14.4 
12~2 
14.5 16.4 14.5 
14.8 
69ME3 
14.3 
I 
', __ 
*12.5 
(52) 
14.3 14.8 
13,5 15.4 
*1?.4 *12.} *12.3 
(52) (78} "(104) 
*11.7 
( 104) 
*14.1 *12.4 *13.1 
( 78) ( 104) ( 157) 
*12.2 
( 157) 
Remarks 
Super nil 
Super 157 lb/ac 
Super 52 lb/ac 
Super 78 lb/ac 
Super 1-94 lb/ ac 
N•P Co'Wt~pund 28 : 14 
N-P Compound 28:14 + 
.Gypsum 60 lb/ac 
N~P Compound 24 : 24 
N-P Compound 24:24 + 
Gypsum 90 lb/ac 
* As rates increase, both 
nitrogen and phosphorus 
rates increase. 
( ) = equivalent super 
rate. 
. l!'irst crop on three . 
year clover land~ Gamenya 
wheat~ Sown 4/6/69. Copper 
Zinc and molybdenum on all 
plots. Urea topdress.ed 
by drill immediately prior 
to seeding. 
Site Soil Type C.rop Urea (lb/ac) 
Nil 25 50 
Circle Valley- Circle Val.ley sand WHEAT 15.4 
D. Piercey 4" fine sand 16.8 17 .1 
over yellow grey 
clay 15. 1 15 .8 
16.2 16.0 
15.8 15.6 
15.7 15. 7 
~ 15.4 15. 9 16.0 
: 
-·~ i ' ' 
-~ 
Circle Valley- Circle Valley sand WHEAT 13.1 
to. Piercey 4 11 fine sand 
over yellow-grey 
clay 
12. 6 
16.4 
13o7 
13.3 
12.9 
13.8 
12.5 
14.0 
12.5 
12.6 
12.9 
12. 9 
or Eauivalent) 
75 100 125 
16.4 16 .8 
16.2 16.3 
15. 6 15. 9 
14.5 15. 3 
14.6 15.8 
15.5 16 .o 
15.3 13.8 
14.4 14.3 
12.8 13.5 
11.4 14.3 
13.8 14.7 
13.5 14 .1 
.. ·Mean Expt. · 
150 No. 
15.4 66ES8 
16.8 
15.8 
15.9 
15.3 
15.4 
-·-- --
13.l 66ES8 
13.6 
14.8 
13.1 
12. 9 
13.6 
2o 
Remarks 
Nil Nitrogen 
Urea topdressed irnmed-
iately after seeding 
II II 2t weeks ti II II II! 
II II 5 II II II II " it it 7t II II II II II 
II ti 10 ii II II II II 
T~ird_successive crop on 
old :land after non legume 
pasture. Gamenya wheat 
sown .1.9/6/69. Urea hand 
topdressed. Some wirnmera 
rye grass. Super 180lb/ac 
to all plots. Stubble of 
previous crop burnt. 
Nii Nitrogen . 
Urea topdressed immed-
iatelf. after seeding 
II t 2t weeks II II II II 
II II 5 . II 11 11 11 11 
II II 7t II ii 11 it ii 
ii . Ii 1 Q ft it ti it ir 
Fgurt~ succe~sive~cr.op qn 
old land after non legume 
pasture~ ·· Gam.enya wheat 
sown 19/6/69. Urea hand 
topdressed. Some wimmera 
rye grass. Super 180 
lb/ac. Stubble of 
previous crop burnt. 
Site Soil Type- Crop Urea (lb/ac) (or Ecuivalent) 
Nil 25 50 75 100 125 
Circle Valley= Circle Valley sand WHEAT 13.8 
D. Piercey 411 fine sand 14.3 17.2 15.8 15.9 
over yellow-grey 
clay 13.4 14.7 14.7 14.6 
14.4 14.4 15.1 14 .1 
13. 5 14.0 11 • 0 14 .1 
14.0 12.9 13.8 15.5 
MEAN 13.8 13.9 14.6 14. 1 14.8 
Nil 25 37t 50 75 100 
Gutha - Yellow-brown WHEAT 14 .1 15.4 
PH & I Collins gravelly loamy 16.0 18. 3 19. 5 20.0 22.4 
sand over gravel 17.0 18.4 
at 4" over gravelly 16.4 18.9 
clay at 1-3 feet. 18.8 20.8 
*19.8 *20.8 *20.7 
(52) .. (78) ( 104) 
*20.8 
( 104) 
*18.8 *18.7 *20.3 *21.9 
(52) (78) ( 104) (157) 
*22.1 .. 
(157) 
I 
i 
I 
I ' ( .. ___ - ~1 I J 
·- ····-····----····- ··--·--· -···-···- ··-·---····- ···- - --- --·- - --- -- ----- -
Mean Expt. 
150 No. _._ ---
13.8 66ES8 
15 .8 
14.4 
14. 5 
13.2 
14.0 
150 - -- -
69GE1 
22.5 
3o 
Remarks 
Nil Nitrogen 
Urea topdressed immed-
iately after seedin~ 
11 11 2t weeks 11 11 II 
II II 5. II II II II II - - - -
II II 7t II II II II II 
fi ti 10 II II II II II 
S~cond successive crop on 
old land after non legume 
pasture. -Gamenya wheat 
sown 19/6/69. Urea hand 
topdressed. Some wimmera 
rye grass. Super 180 lb/ 
ac to all plots. Stubble 
of previous crop burnt. 
- -
---
Super Nil 
Super 157 lb/ac 
Super 52 lb/ac 
Super 78 lb/ac 
Super 104 lb/ac 
N-P CompoUJ1d 28 . 14 . 
N-P Compound 28:14 + 
Gypsum 60 lb/ac 
N-P Compound 24 . 24 . 
N-P Compound 24:24 + 
Gypsum 90 lb/ac 
* -As rates increase 1 
!;>oth nitrogen and phos-
fhorus rates increase. 
- ) = equivalent super 
~ate. 
First crop_ after 
fallow on old non-clover 
land. -Gamenya wheat. Sown 
4/6/69. Cop~~r, Zinc and 
molybdenwn applied to al~ 
nlots. 
Cl 
() 
Site 
Putha -
TH & EM Way 
Mendel -
D. Michael 
Merredin 
Research 
Station 
Soil Type 
Yellow loamy 
sand over gravel 
at about 12 inches 
- Titree, red 
mallee, Ja.m 
Red-Brown 
Sandy clay loam 
Grey gravelly 
sand 
Crop 
WHEAT 
MEAN 
WHEAT 
~ 
WHEAT 
MEAN 
--
'.Urea (lb/ac) 1(or EQuivalent) 
- -
Nil 25 37t 50 75 100 
6.0 
6.2 6.2 6.7 6 .1 
8.4 7.3 8.6 8.8 
6.0 7.3 6.8 7.6 7.4 
Nil 2S so 7S 100 125 
~.· ~ -···- -·· 
7.0 
·-·---~-~ .. _7 .6 6.4 7.0 6.0 
8.3 8.4 7.5 6.0 
8.3 9.4 7.3 7 <> 1 
8.3 7.5 9.7 9.5 
7.0 8.1 7.9 7.9 7.2 
6.6 
6.8 7.5 7.9 8.2 
6.4 5.4 6.6 6.9 
6.0 6.5 6.8 7.7 
6.6 6.4 6.5 7 .1 7.6 
- Mean, 
·..:. 
150 ~ 
6.o 
7.9 6.6 
9. 1 8.4 
8.5 
150 -
7.0 
6.7 6.7 
8.3 7.7 
9 .1 8.2 
8.9 8.8 
8.2 
6.6 
8.6 7.8 
6.0 6.3 
7.7 6.9 
7.4 
4 a -0 
Expt. Remarks -
No .. 
69GE4 Nil Nitrogen 
Urea 
Ammonium Nitrate 
First crop after clover 
on old land. Gamenya 
wheat. Sown 3/6/69. 
Copper~ Zinc, Molybdenum 
applied to all plots. 
-·-··· ···- . 
69GE2 N:i.i Nitrogen 
Urea drilled with seed 
Ammonium Nitrate drilled 
wi·th seed -
Urea broadcast immediately 
before seeding 
Ammonium Nitrate broadcast 
immediately before seeding 
Fourth successive crop 
on old non clover land. 
Stubble of the previous 
crop burnt~ Gamenya wheat. 
Sown 18/6/69. Super 300 lb 
/ac topdressed before seed 
ins:. Plots verv weedv~ 
61M11 Nil -Nitrogen .. 
Calcium Ammonium Nitrate 
Suiphate of A.mmqnia · 
Urea 
Ninth successive crop 
on old land. Stubble of t~ 
previous crop burnt. Super 
150lb/ac to all plots-. -ua.m 
enya wheat. Sown 23/6/69 
Some wimmera rye grass in 
plots. 
Site Soil Type Crop Urea (lb/ac) 
Nil 25 50 
Merredin Grey-red loamy WHEAT 8.9 
Research sand over white 9.5 
Station gritty sand at 
about 8 inches over 10.1 
clay at about 
18-24 inches 9.3 
8.8 
8.5 
MEAN 8.9 9.2 
Nil 21:) 50 
Merredin Grey gravelly WHEAT 8.4 9.3 8.9 
Research sand 8.3 8.5 8.5 
Station 11JEAN 8.4 8.9 8.7 
or Ecuivalent) 
75 91 119 
75 
9.3 
8.8 
9.0 
8.8 9.4 
8.5 9.0 
8.4 8.1 
9.0 9.6 
8.5. 8.8 
8.6 9.0 
100 125 
9.7 
8.8 
9.2 
( 
\_. 
Mean 
150 
8.9 
9.2 
9.2 
8.6 
9. 1 
8.6 
150 
8.8 9. 1 
8.3 8.5 
8.6 
Expt. 
No. 
-·--
69M1 
-
69M2 
5o 
Remarks 
N11 ;Nitrogen 
.A!l.hydrous Ammonia applied 
2 weeks before seeding 
.A!lh,ydrous Ammonia applied 
immediately before seeding 
Ammonium Nitrate topdresse 
2 weeks before seeding 
Ammonium Nitrate topdresse 
immediately before seeding 
Urea tqpdressed immediate~ 
before seeding 
Second successive 
crop on old clover land. 
Stubble of previous crop 
burnt. Super 150 lb/ac to 
all plots. Anhydrous ammo~ 
ia applied 4 inches deep-
condi t ions dry~- Gamenya 
wheat. Sown 9/6/6.g.. 
Sqwn 18/6/69 
Sown 30/6/69 
Second successive crop 
after clover on old land~ 
Stubble of previous crop 
burnt. Super 150 lb/ac t( 
all plots. Gamenya wheat. 
Urea topdressed by drill 
immediately prior to 
seeding._ 
~ 
0 -
Site Soil Type Crop Urea (lb/ac) or Eauivalen_t) 
Nil 25 50 75 too 125 
Merrediri Grey-Brov.-n WHEAT 12. 5 10.6 10.2 7.4 
Junior Farmers sandy loam - 9.9 10.4 1 o.o 9.9 
Club Mallee 1o.5 11.4 10.9 9.7 
9.5 11.2 10.6 11.3 
9.7 1o.7 10.8 9.6 
6.6 8.2 6.8 9.6 
~ 9.8 10.4 9.9 9.6 
Nugadong - Yellow-Brown WHEAT 15.4 
E. Hodgson & loamy sand over 14.5 14.7 15.6 15.5 
Son orange gravelly 16.9 17.0 16.3 18.3 
loamy sand at 
16 inches - 15. 6 16.5 17 .o 16. 7 
Mallee, Tamma 
15.6 16.8 17.1 17.4 
~ 15.4 15.6 16.2 16.5 17 .o 
Perenjori- Yellow sand WHEAT 20.2 19.3 20.2 20.4 20.5 
J. Hunt over gravel at 
6-12 inches -
Wodgil 
·-· ,, 
Mean 
150 
10.2 
10 .1 
1 o.6 
10.6 
10.2 
7.8 
15.4 
1 5 .1 15. 1 
17.4 17.2 
16.6 16.5 
17.8 16.9 
' -
16.7 
20.4 
Expt. Remarks 
No. 
69ME7 Falcon - Sown 23/5/69 
Falcon - Sown 27/6/69 
G13.filenya -Sown 23/5/69 
Ga.mianya -Sown 27/6/69 
Insignia-:-Sown 23/5/69 
Insignia-Sown 27/6/69 
First crop on non 
clover land. Super 
150 lb/ac on all plots 
69TS3 Nii Nitrogen 
--
69TS4 
Urea drilled with seed 
Ammonium Nitrate drilled 
with seed 
tJrea-topdressed immed-
iately. after s~eding 
Ammonium Nitrate - top-
dresse~ irnm.e4iately after 
see<iing 
Second successive 
Qrop on ~ld g~ov~r land. 
Stubble of previous crop 
burnt. Gamehya wheat. 
Sown 5-6/6/69. 
second. successive crop 
··-
iand. -Stubbie of on.new 
previo'bls crop burnt. - -
Gamenya wheat~ Sown 4/6/6S 
Superphosphate 161 lb/ac 
to all plots. Urea top-
dressed by drill immed-
iately prior to planting. 
Nl 
Q -
Site 
Merredin 
Research 
Station 
Salmon Gums 
Research 
Station 
Westonia -
K,; ·Leach 
Soil Type 
Grey grav9lly 
sand 
Circle Valley 
sand - Grey 
sand over clay 
Brown loamy 
sand over clay 
Fit 2-3 ft .. -
Mal.lee 
Crop 
Nil 
WHEAT 14.4 
WHEAT 3.p 
Nil 
I 
WHEAT 6 .1 
6 .1 
Urea (lb/ac) 
25 
14.5 
2.9. 
3·.4 
3.2 
25 
-~' 
50 
. ·•·. 
14.2 
2.9 
2.7 
2.8 
50 
10.1 
9.7 
7.3 
8.6 
7.9 
8.3 
7.6 
8.5 
(or Erniv8.lent) 
75 
14.8 
2.2 
2.9 
2.6 
75 
100 
14.7 
2.3 
2.0 
2.2 
91 
8.8 
125 
119 
7.8 
9.5. 8.6 
9.2 9.3 
.. 9.8 9.7 
6.2 8.2 
8.5 8.6 
10.7 8.0 
9.0 8.6 
150 
14.4 
3.2 
2.9 
3.2 
. 150 
- ··- T. 
Mean Ex1>t• Remarks 
No. 
-·- . 
69M3 First crop after 
clover on old land. Gam-
enya wheat. Sown,.,:20/6/69. 
Super 155 lb/ac 't-o all 
plots. Urea topdressed by 
drill immediately prior 
to plant.ing. 
3.6 
2.7 
2.8 
68SG4 Nil Nitrogen 
Urea 
6.1 69ME2 
8.9 
9.3 
8.6 
9 •. 4 ' c-
7 .4 
8.5 
8.8 
Ammonium Nitrate 
· Second successive 
crop after barrel medic 
pas~ure o~ old land. 
Stubble of prev:k,ous crop 
bnrnt. Game-nya wheat. -
S©wn 39/5/69. Super 100 
lb/ac to all plQts • 
Nil Nitrogen 
Anhydrous Ammonia - 4" 
deell. - 2 weeks before_. 
seealllg 
II II 4 II II immediat.~:t.y II II 
11 11 6 11 11 2 weeks 1111 
., '! '~ 6 ,-, ·~ irnmed:i,.at E;)J,y '~ ·~ 
~onium_Nitrate topdres$~ 
2 we.eks before seeding 
II II II imrrtediately II II 
Vrea _ tqpq.I'essed irnmedii:;i.t~~ 
before seeding 
Second successive 
crop on old non clover 
land. stubble of previous 
c_rop burnt. Gamenya wheat. 
' Sown 9/6/69. Copper, zinc 
mol. su. at 225lb/ac to 
all Plots. 
Site 
Westonia -
K. Leach 
Johnson Lakes 
experimental 
area 
Johlison Lakes 
experiment al 
area 
Soil Type 
Brown loamy 
sand over clay 
at about 3 feet 
Yellow gravelly 
sand over hard 
siliceous stone 
at 6-20" -
Tamma, Grevillea 
and Mallee 
Brown calcareous 
loamy sand over 
highly calcareous 
sandy clay -
small Gimlet 
and Mallee 
Crop Urea (lb/ac) 
Nil 25 50 
WHEAT 10.0 
9.9 8.9 
9.1 9.4 
9.6 8.4 
9.6 8.8 
~ 10.0 9.6 8.9 
WHEAT 14.9 16.6 
18. 1 16.5 
15.1 15.5 
BARLEY 1? .cs 11:::3.? 
19. 9 21.l 
MEAN 16 .8 17 .6 
WHEAT 17 .1 18.9 
14.3 16.3 
21.0 24.0 
BARLEY 23.4 24.2 
24.4 27.6 
-~ 20P0 22.2 
(or Equivalent) Mean Expt. 
75 100 125 150 Noe 
-··· 
10.0 69J.VJE4 
8.7 8.9 9.8 9.2 
10.2 8.5 10.7 9.6 
9.4 10.8 11 • 1 9o9 
9.7 11 .4 10.2 9.9 
9.5 9.9 10.4 
15 .8 68JL1 
17.3 
15.3 
17 .2 
20.5 
-·-
18.0 68JL7 
15.3 
22.5 
23.8 
26.0 
( 
·~-1 
80 
Remarks 
Nil Nitrogen 
Urea drilled with seed 
Ammonium Nitrate drilled 
with seed 
Ureabroadcast immediately 
pefore· seeding 
Ammonium Nitrate broadcast 
beforeseE;iding 
Second successive 
crop on old non clover 
land. Stubble of previous 
cr9p. burnt. Gamenya wheat. 
$OWI1_10/6/69. Copper, Zinc 
molybdenum super at 300 
lb/ac topdressed before 
seeding •. 
Falcon wheat 
Bencubbin wheat 
Gamen:va wheat 
Bussell _bEl,rley 
;Beecher barley 
First crop on new laliil 
fallow. Copper, Zinc, mol-
ybdenum super 225 lb/ac to 
all plots. Sown 7/5/68. 
·urea topdressed by drill. 
... 
Falcon wheat 
.. 
Bencubbin wheat 
Game:µya wheat ·· 
Bussell barley 
:Beecher barley 
First crop on new 
land ~ fallow. Super 180 
lb/ac to all plots. Sown 
7/5/68. Topdressed b~ dri] 
VI 
a 
Site Soil Type Crop Urea (lb/ac) 
Nil 25 40 
Johnson Lakes Yellow gravelly WHEAT 4.5 8.1 
experimental sand over hard 
area siliceous stone 
at 6=20 11 = 
Tammap Grevillea 
and Mallee 
I 
Johnson Lakes Brown Calcareous WHEAT 6.6 12.7 
experiment al loamy sand over 
area h:Lghly calcareous 
sandy clay - small 
Gimlet and Mallee 
.. Nil 30 60 -
Johnson Lakes Yellow gravelly WHEAT 11 • 6 14.4 14.8 
experimental sand over hard 17 .s 20.0 20.6 
area siliceous stone ME.AN 14.7 17 .2 17 0 7 
I at 6=20" - Tamma~ Grevillea and 
Mallee 
·-· 
--
Johnson Lakes Brown Calcareous WHEAT '13.;8 14.5 15.3 
experimental loamy sand over 2L4 .23.4 22.2 
area highly calcareous MEAN 17 .6 19.0 18.8 
sandy clay = 
small Gimlet and 
Mallee 
-
(or Eauivalent) M~a.n Expt. 
BO 120 160 200 No. 
·-·-
10.9 12.4 12.5 68JL4 
···-· 
-14.s 16 .1 14.8 68JL10 
-
I C)O 120 180 240 
14.8 15.5 14.8 14.3 68JL6 
21.2 21.8 23. i 20.8 
18.0 18.6 19.0 
I 14.8 14. 6 68JL12 23.3 22.6 
19.0 
(__, 
qo 
-Remarks 
Second successive 
crop on new land. Stubble 
of previous crop burnt. 
Gamenya wheat. Sown 7/5/6c 
Super 200 lb/ac to all 
plots. Urea topdressed by 
drill. 
Second successive 
crop on new land. Stubble 
of previous crop burnt. 
Gamenya wheat. __ Sown 7/5/6S 
Super 184 lb/ac to all 
Jplots. Urea topdressed by 
,drill. 
I .... 
-···· . -
Non:· f'hllow 
FallGw 
First crops on new 
:i.and-.c _ Gamenya wheat. Sown 
7/5/69. Copper~ Zinc 1 Mol· 
ybdenum super 225 lb/ac tc 
all plots. 
Non fallow 
Fallew 
_ First crops on new 
land.- Gamenya wheat. Sown 
7/5/69. Super 180 lb/ac 
to all plot.s. 
-1l 
a -
Site 
IYuna -
IR. Flavell 
Z'DNE B3 
Badgingarra 
Research 
Station 
.-
1' ~ 
Soil ·rype 
Yellow sa...~dplain 
.... 
Gravelly sand 
over gravel 
Crop 
Nil 
WHEAT 27.0 
_>.'-
MEAN 27.0 
Nil 
WHEAT 12.6 
l 
·~--
Urea (lblac) (or E:mivalent) 
25 50 75 100 125 
.28.7 29.3 25.7 29.8 
·27.5 29.3 29.3 28.0 
28.1 29.3 27.5 28.9 
25 i:;o 7i:; 100 1 i:;o 
16 .4 19. 2 18. 3 
14. 5 16.6 17.9 
14.7 18.6 16.6 
14. 7 16.6 15.7 
14.6 14. 1 15.7 
18. 9 
17.4 
19.0 
18. 5 
20.7 
19.0 
21 .o 
19.3 
16.9 
19.0 
( .. 
---
Mean Expto 
150 No. 
- -
27o0 69GE3 
2906 28.6 
30.3 28.9 
30.0 
200 -
12.6 69BA1 
18.0 
16.3 
16.6 
15.7 
14.8 
.] 
10 " 
Remarks 
Nil Nitrogen 
Urea 
Ammonium Nitrate 
First crop after 4 
. years lupins. Gamenya 
wheat. Sown 19/6/69. 
dcrp;pe-r 9 Zinc, molybdenum 
super 220 lb/ac to all 
plots • 
Nil .Nitrogen 
.Ammonium Nitrate-topdressa 
immediately after seeding 
II II II - 3 weeks II II 
11 11 II -6 11 11 11 
II II II -9 ... II II II 
jj II ll-12 It 11 11 
II 1! ~tat Seed+J..-3WkS II II" 
II ~I -f. II - II +l=6 II - II II 
Ii I! -f. I! II +f-9 II II fl 
ll 11 1 11 ll +t-12~1 II II 
ii ;·!-2/Y! ii +"f-3 '! II ,-, 
i1 11-2/3" 11 +E6 1i 11 1i 
II "-2/311 II + 9 ii fl It 
II '!-2/31i I! + 121~ '! '! 
'! ~·-2/3: aft~r f?eed:tng_ +_ 
-~6wee~s after seeding 
II "-2/3-3" II ll+t-9 Ii II If 
Second f?u9cessiye __ 
crop on old clover land. 
Stubble of previous crop 
burnt. Kondut wheat. Sown 
28/5/69. Copper, Zincp mo~ 
ybdenum super at 223 lb/ac 
to all plots. Fair amount 
of wimmera rye grass in 
plots .. 
.Site Soil Type Crop ·urea ( b/ac) (or Equivalent) 
Nil 25 50 75 100 150 
!Badginarra Gravelly sand WHEAT 31.2 30.4 31.4 32.1 31.5 31.4 
Research over gravel 
Station 
Badgingarra Gravelly sand WHEAT 14. 1 
Research over gravel 19.0 15. 1 19.6 21 .2 
Station 
18.7 16.0 18.3 20.2 
16.2 16.6 18. 1 18.4 
13.9 15.8 15.7 16.2 
13.3 
NEAN 13. 7 17 .o 15.9 17.9 19.0 
Mean Expto·· 
200 NQ •. 
69BA2 
14. 1 69BA3 
21.3 19.2 
20.2 18. 7 
16.4 17.1 
16.2 15.6 
13.3 
18. 5 
11 0 
Remarks 
First crop after 
clover· on old land •• Kon-
dut wheat .. Sow. 28/5/690 
Super 150 lb/ac to all · 
plots. Urea topdressed by 
drill immediately prior 
to planting .. 
Ni], Nitro7en. Sown 19/5/69 
Sown 19/5 69 - Urea top-
dressed immed. after seed. 
Sown 19/5/69 - Urea top-
dressed 3 wks. after seed. 
Sown 9/6/69 - Urea top-
dressed immedo after seed. 
Sown 9/6/69 - Urea top-
dressed 3 wks. after seed. 
Nil Nitrogen - Sown 9/6/69 
Second successive 
crop on old clover land. 
Stubble of previous crop 
burnt. Kondut wheat. 
Super 209 lb/ac to all 
plots. Quite a bit of 
wimmera rye grass in plots 
e.s:pecially with the 
earlier ::@lanting •. 
DO 
a -
Site 
Eneabba -
G. Menzie 
Goomalling -
A. McKay 
Soil Type 
Gravelly sand 
over gravel 
Crop 
WHEAT 
Remarks _____ u........,r ... ea ............ (1 ...b .... l.... a.,...c,._.)....._.(..,..o_,r......,;;;;E-....-au=i..,.v.-..a=l.-en.-t.,_....._) __ -' Mean Expt • 
Nil 25 50 75 100 150 200 No. 
12.2 
Nil 25 
15.5 
16 .4 
16.8 
18.8 
16.3 
50 75 
18. 5 
20.1 
21.5 
21 • l 
16.9 
21 • 1 
20.1 
21.5 
19.7 
100 
22.2 
21.5 
21.0 
21.2 
16.7 
20. 1 
22.5 
23.2 
22.1 
22.1 
24.2 
125 150 
18.7 
19.3 
19.8 
20.4 
16.6 
69TS2 Nil Nitrogen 
Urea-topdressed immed. 
after seeding 
" - " 3 weeks " " 
" - " 6 " " " 
ii - ii 9 " " " 
:~ : l,;1 ;t ;eed.*11 -3w;s.a.s. 
Ir - II II -6 tt II tt 
Ii _ 11 11 .-9 tt tt II 
,; - ii ~ +i-12'! '! '! 
ii -2J31i II +-t-3 '! II 11 
ii -2/3ii tt !E'f 6 ~I ti 11 
II -2/3~ ii + 9 tt 11 11 
II -2/3~ ~ + 12~ ~ ~ 
~ -2/37 3 wk~ af~er ~eeg._~ 
t-6 wks. after seeding 
tt -2/3-3 tt tt+ t-9 II tt II 
Second successive 
crop . on new land·~ ... Stubble 
of previous crop burnt. 
Kon~ut wheat. Sown 21/5/6S 
Copper, zinc, super at 
225 lb/ac to all plots. 
Stoney sandy BARLEY 5.7 5.7 
8.7 8.5 
7.8 7.9 
69N03 Nil- Nitrogen 
loam. Grey brown 
to 4", yellow 
brown to 12" -
Decomposed granite 
below 12 inches 
7.2 
7.2 
6. 1 
9 .1 
7.4 
8.5 
8.5 
7.8 
8.5 
8.3 
8.5 
8.3 
7.6 
7.0 
7.9 
9.8 
7.8 
10.6 
9.8 
9.5 
8.7 8.2 
8.2 8.5 
8.4 
Urea drilled with the seed 
.Ammoniwn Nitrate drilled 
with the seed 
Urea topd.ressed immediate~ 
be for~_ SE:led:Lng ___ . 
Ammonium Nitrate 11 " " " 
· Second successive 
qrop on ~ld clover-iand: 
Stubble of previous crop 
burnt. Dampier barley. 
Sown 13/6/69. 
Site Soil Type· Crop 
Grass Patch - Circle Valley WHEAT 
R. Frean sand. 5" light 
brown loamy sand 
over grey brown 
clay with lime 
nodules at 10" 
'")~ 
Kondinin - Brown gravelly WHEAT 
J. Boxall loam - York Gum, 
Tamma, Wattle 
~ 
Urea (lb/ac) (or Eauivalent) 
N,il 25 50 75 100 150 200 .. 
22.4 23. t' 26.1 25.7 27.7 28.9 29.6 
22.8 
24.5 
25.3 
25.4 
*22.7 *25.4 *25.0 *26.5 *26.9 
(52) ( 105) ( 157) (209) (314) 
*26.9 *27.4 
(157) (209) 
"Nil <:'."> 50 75 100 125 150 
3.4 
3.5 2.2 1.8 2.2 1. 7 
3.6 3.7 2.9 3.4 2.6 
3. 1 3.2 3.3 3.6 3.3 
4.4 3.3 3 .1 3.7 3.9 
3.4 3.6 3.1 2.8 3.2 2.9 
Hean 
3.4 
2.3 
3.2 
3.3 
3.7 
1 '3 0 
Expt. Remarks 
No • 
69ES3 Super 314 lb/ac 
Super 52 lb/ac 
Super 105 lb/ac 
Super 157 lb/ac 
Super 209 lb/ac 
N-P Compound 24 : 24 
N-P_Compound 24:24+ Gyps. 
*_ l\.S rates increase, both 
~itrogen and phosphorus 
rates increase. 
( ) = equivalent super 
rate. 
First crop after non 
le gum~ pasture on old 
lf:l.:n~. ··· Gamenya wheat. Sown 
12/6/69. Copper-and zinc 
fi.ppliedt0 all plots. 
69NA3 Ni-i -Nitrogen 
Urea drilled with seed 
AmmG>nium Nitrate drilled 
wit.h seed 
Urea topdressed immed. be-
fore seeding 
.Amm~nil¥Il Nitrate topdress-. 
ed immed. befor-e seeding 
· SecoliJ.d successive 
crep on old non clover_ 
1!3,nd. ·stubble of prev-
ious crop burnt. - Gamenya 
wheat. Sown 2/7/69. Super 
300 lb/ ac broad~ast before 
se.eding to all plots. 
Crop-badly affected by 
dry season. ---( . 
--------------------"----~--------i------'---------------' 
0 --
14 . 
Site Soil '.l:ype Crop -· Urea flb/ac) (or Eauivalent) Mean Expt. Remarks 
l'bl - ,~,25·- 50 75 100 125 150 No., 
·-
--· ··' 
[Kulin - Sand over clay - WHEAT 7.9 7.9 67LG18 Nil Nitrogen 
~. Alden medium Mallee 9.3 11 .8 10.4 13.4 11.2 Urea topdressed at seed. 
:·. 9.6 11.5 6.3 13.4 10.2 II 2t wks .. after seeding 
10.7 12.0 10.7 12.3 11.4 II 5 II II II 
1o.7 11.5 11.0 10.4 10.9 II 7t II II II ............ 8.5 10.7 8.5 5.5 8.3 II 10 II II ,-, 
~'. . ·::. '.';]IJEAN 7.9 9.8 11 • 5 9.4 11 • 0 Second successive 
... ~.., crop after non legufile 
•... pasture following one 
previous crop on new land 
Stubble of previous crop 
grazed. Gamenya wheat. 
Sown 27/6/69. 
-·· 
Lake Magenta- Grey sand over WHEAT 9.3 14.2 14. 1 13.6 12.8 69LG2 Super 105 lb/ac 
c. Mansfield clay at 4-6 11 10.2 17.2 20.0 19.3 16.7 Super 157 lb/ac 
14.2 21.0 20.2 '21. 7 19.3 Super 209 lb/ac 
14.6 22.0 24.1 25.3 21.5 Super 300 lb/ac 
15.3 20.8 22.5 N-:-P Corn.pound 24 : 24 
( 105) (157) (209) --
15. 5 24.0 N-P Compound 24:24 + Gyp. 
( 105) (209) Slll!l * As rates increase both 
~itrogen-and phosphorus 
rates incre~se. ( ) = 
equivalent super rate. 
First crop on new 
land - fallow. Gamenya 
wheat. Sown 14/5/69. Cop-
per & zinc on all plGts .• 
Site 
Duranillin·-
D. 0 1 Connell 
Gibson -
G. Haigh 
-=,..,..,,u...,._r_e~a~~(lb_'""'=-/a~c...._)~o~r~E~ic~u.-.;;;;.iv~a~l~e~n~t.;..,...,,,_.._."'"""",_ 1 Mean Nil 25 50 75 100 150 200 Soil Type Crop 
Yellow grey BARLEY 11.3 
gravelly sand over 
yellow sand with 
fine gravel at 18 11 
over mottled clay 
at 24 11 = Whitegum 
17.8 21 .8 25.6 28.9 23.5 
17 .4 22.1 26.2 28.5 23.6 
16.9 22.6 23.6 23.6 21. 7 
13.3 19.7 19.2 17 .5 17.4 
24.7 
Jarrah 21.4 
25.3 
24.9 
24.4 
24.7 
26.8 
30.2 
30.7 
Gravelly sand ove·r WHEAT 12. 8 
gravelly clay 5.0 12. 1 
8.6 12. 3 9.6 
17.0 10.2 7.7 
10.9 18.2 11 • 1 
9.8 9.6 8.0 
2-:s. 
Expt. Remarks 
No. 
69BR1 Nii Nitrogen 
67ES2 
Urea top. immed. bef. So 
" " 4 wks after seed. 
II II 8 II 11 11 
II II 12 11 11 11 
t.i -!1 :at s~ed+t..;4wk ~.s. 
II = . II 11 +.L-8 II II 11 
fl = . II II +!-12 II II II 
tt_tl . ti 11 +2/3-4tl ti ti 
i_ i 11 +2/3-8i i 11 
''=-y ~t ti +2/3-1?11it II 
11-2/311 II +F4 II .. II II 
i-2/3~ i + 8 11·~ 11 
t•-2/3t:t. t_t +;r-12tt II II 
~~rst crop on new 
land - non fallow. Dampier 
barley. Sown 5/7/69. Copp~ 
zinc~ super 514 lb/ac to 
all plots. Part of plots 
eaten by vermil;l. 
Nil Nitrogen 
Urea topdressed immediate~ 
after seeding 
Urea top. 3 wks. after see! 
II II 6 II II II 
II II 9 II II II 
II II 12 II II II 
First cr<?p after 
ciover.on old land. 
Gamenya wheat. sown 25/7/ 
69. Copper, zinc, moly- I bdenum super 180 lb/ac to I 
all plots I I 
-
Gibson = 
G. Haigh 
Gibson = 
G. Haigh 
Gibs_on -
!Esperance 
[)owns Research 
Station 
Soil Type 
Gravelly sand 
over gravelly I clay 
Gravelly sand 
over gravelly 
clay 
Gravelly sand 
over gravelly 
clay 
Crop 
WHEAT 
WHEAT 
LINSEED 
Urea (lb/ac) (or Equivalent) 
Nil 25 50 75 100 1 50 
Nil 
11. 8 
29.9 
30. 1 
29.7 
29.7 
20. 1 
27.9 
13.0 
21 0 1 
19.,4 
18.2 
14.4 
17.2 
25 
11.9 
31.4 
30.6 
27.0 
29. 1 
20.5 
21.6 
16.5 
20.3 
50 
12.1 
" 
32.0 
31.4 
22.0 
27.8 
31.4 
28.9 
17 .2 
21.1 
'17 .8 
n.o 
19. 7 
18.6 
75 
11. 2 
25.3 
23.4 
30.5 
31.6 
29.3 
28.0 
18.2 
20.3 
22 .. 2 
19. 9 
21 .1 
20.3 
100 
11. 5 
175 
10.4 
IYfean Expt • 
200 'No. 
"500 
29.5 
29.1 
28.2 
29.0 
27.5 
16.4 
20.8 
20.2 
17.9 
18. 9 
67ES2 
67ES2 
' -
69E1 
Remarks 
Nil Nitrogen 
Urea topdressed immed 
11 11 3 weeks 
11 11 6 II 
II II 9 II 
11 II 12 II 
24. 
a.s. 
II Ii 
Ii Ii 
Ii II 
Ii II 
Se~ond successive 
crop on old clover land. 
Gamenya wheat. Sown 25/7/ 
69. Super 180 lb/ac to all 
plots. Stubble of previous 
crop g~im;ed &,tfien ploughfi! 
Nil' Nitrogen 
Urea topdressed immed 
11 11 3 weeks 
11 fl 6 II 
ii if 9, II 
ii ''ii 12 " -ii ' 
a.s. 
Ii 11 
fl " 
ii if 
ii ii 
.. -- Third successive crop 
on old clover land. Galli.en~ 
wlie~:t~ 8own 25/7/69. Super 
180 lb/ac to all plots. 
StY.bble -of previous crop 
graz.ed and then ploughed. 
First crop after lucerne. 
Kameniza linseed. Sown 20/ 
6/69. Super 150 lb/ac to 
all plots. Ammonium Nit-
rate topdresaed by drill 
before seeding. 
--
250 -Site Soil Type Crop Urea (lb/ac' (or Eauivalent) Mean Expt. Remarks -Nil 25 50 75 100 150 200 N:o. 
Gibs,on - Gravelly sand. .. LINSEED 7.8 9.4 ·-~~ 9.4 10.4 9.4 6.4 69E2 Second successive crop on 
Esperance over gravelJ.Y 
'/_:,.. 
·old clover land. Stubble 
Downs Research clay of previous crop burnt. 
Station Ka.meniza linseed. Sown 
24/6/99. Quite a bit of 
wind blast damage early. 
Ammonium Nitrate top-
dressed by drill immed-
----·· iately before seeding. 
,. 
-- ·-.... "'. 
-· 
- - ". Nil 50 75 100 150 200 ?00 -··---
Kojaneerup - Sand over claY' BARLEY 8.5 16.5 20.0 31.0 31.0 38.0 69AL1 super 360-lb/ac 
J. Stone 7.0 - Super 60 lb/ac 10.0 Super 90 lb/ac 
20.0 Super 180 lb/ac 
31.0 Super 270 lb/ac 
13o0 . Super 105 lb/ac 
18.0 Super 157 lb/ac 
24.5 Super 209 lb/ac 
31.5 Super 314 lb/ac 
37.0 Super 450 lb/ac 
*14.0 *18.5 *28.5 *27.5 *31,0 N-P Compound 24 . 24 . 
( 105) (157) (209) (314) (418) 
* As rates increase, 
Qoth nitrogen and phos-
fhorus rates increase. 
) = equivalent super 
rate. 
First crop on new 
land ~fter two years 
fallow. Dampier barley. 
Sown 1.3/5/69. 
( 
'-' 
Site 
Lancelin -
J. Wood 
Soil Type 
Yellow sand 
Crop Urea 
Nil 25 
BARLEY 4.8 
'lb lac' (or Eauivalent) 
50 75 100 125 
8.1 11.4 
12.9 18.1 
11 • 3 15.1 
15.6 17.4 
10.4 10.6 
16.7 
16.9 
19.4 
11 • 1 
( 
'---
150 
16.7 
20.7 
20.4 
16. 1 
10.7 
20.4 
21.6 
20.9 
18.1 
21.0 
23.3 
Mean Expt. 
No. 
----
4.8 69M02 
12. 1 
17 .2 
15.6 
16.4 
1 o.6 
26. 
Remarks 
~ii-Nitrogen 
Ammonium Nitrate top-
dressed immed. after seed 
II II II 3 weeks " II 
11 II II 6 tt 11 II 
" fr fr 9 " ii ii 
tt ii ii12 tt II tt 
ii fr ~t at ?eedi~g + t-3 
weeks after seeding 
:~ ; =~ :; ; ! f-~ :; :: :: 
jj 11 _ t 11 II + t-1211 ii jj 
ii "-2f3" ii + "f-3 fi fi fr 
fr ~-2/3~ ii + E6 ~ II II 
fr ~-2/3~ II + 9 II ii 11 
ii ri-2/311 fr + -,2~ ii II 
ii ii-2/3-- 3-weeks a .. s: -+ ·E- 6 weeks after seed -
'1 11-2/3 - 3 weeilts a. s. 
+ t_- 9 wee!Cs a:t'te~ seed. 
Second successive 
crop on new 1E3Ild• Stubble 
of previous crop burnt. 
])ampier barley. Sown 
29/5/69. Copper, zinc, 
'Super at 190 lb/ac to 
all plots. 
l.C1 --
Site 
Mt. Barker 
Research 
Station 
Soil Type Crop 
Gravelly loamy BARLEY 
sand over 
gravel - Red Gum 
27. 
1 __,,,,..,.,,..-U.;;;r-e~a,,,,,..,;;;;;(lb..,·._/a~c,,...__)(""'o;;,;;r:.,,,,;;;E"'";c._uo:;i;..:;,v.;:al=,;;;e.:;;n;..;,t~.) ,,,,,.,..,~.,,..,,,.~ Mean I Expt. 
Nil 25 50 75 100 125 1 50 N.o. 
Remarks 
6.o 
16.6 
6.0 
26.9 21.5 
69MT1 Nil Nitrogen 
20.9 
16.3 21.7 
15.4 20.3 
16.0 18.9 
11.4 20.0 
21.4 
23.4 
24.3 
23 .. 1 
( 
25.7 21.2 
27. ·1 20. 9 
24.6 19.8 
25.4 18.9 
26.9 
27.4 
33 .. 1 
32 .. 3 I 
26.9 I 
i 
28.0 ' 
'--· 
Ammonium. Nitrate topdress-
ed immed. after seeding 
" " " 3 weeks a.s. 
" " " 6 " " " 
1-1 II 119 II 1111 
". " ii12 ii ii ii 
-·-- - ·-· ·1· 
.A.I!Jmo!}iUl)'.l Nitr9-te "'."2C!--t. s. 
+ t - 3 weeks af'ter. seed. 
II Ii ~· II ti 1-6 II II Ii 
II 11 . II 11 + .~9 II 11 11 
Ir ii ~~ ~ . ~ +2.=12~' ~ '! 
~ " = .2Z3 _at .seeq.ing _ +. 
t_- 3 weeks after see:d 
II II _ 2/3 11 "+t=6 111111 
II ii - 2/3 II 11+.J....,9 111111 
11 Ir _ 2/3 ir ir+f:12ir ir ir 
II tr - 2/3 ~ 3 WeekS-aoS 
+ J· .; 6 weeks after seed 
11 11 
- 2/3 - 3 weeks a.s 
+_t ~ 9 weeks after seed 
First crop on new 
land - fallow. Dampier 
barley. Sown 30/4/69. 
Copper, zinc, molybdenum 
manganese super 365 lb/ac 
to all plots, 
--
Site 
Warmamal -
lP. Manchetti 
Soil Type 
Gravelly sand 
over gravel at 
shallow depth 
Crop 
Nil 
WHEAT 14~6 
Urea (lb/ac) 
25 50 
20.0 
21.9 
21.9 
17 .o 
11 • 8 
(or Eauivalent) 
75 iOO I 125'' I 
27 .1 
25.7 
21.3 
12.6 
17 .o 
27,.5 
26.1 
22.6 
21 0 1 
·150 
28. ·1 
28.8 
24.3 
21.8 
16.4 
29o2. 
24.,6 
26.3 
24.3 
25 .. 8 
27.4 
Mean E:x:pt. 
No. 
14. 6 69M03 
25.1 
25.5 
22.5 
17 .1 
15. 1 
28., 
Remarks 
Nii Nitrogen 
Urea topdressed immed a.s 
" " 3 weeks 11 n 
II II 6 II 11 11 
11 11 9 II ~ tt 
i " 12 " ~ " 
" = t ~t s.+t;3 wks a.s .. 
II = t II II +'-6 11 11 11 
II * II II +I-9 II II II 
II : f fi ii +t=12 ~ 11 11 
iu =273'i ri +F' =3 ~' 11 11 
tt -2/3tt tt + 6 II II ~ 
ii =2/3ri ii + =9 ir 11 11 
ii =2/3" ~I +f-12'! ti 11 
'! -2/3;,,,.. 3 weeks· after see 
+_t - 6_weeks after s~ed . 
11 .-2/3- 3 weeks afters. 
+.t = 9 weeks after seed 
First crop on new 
land - non fallow. 
Darkan wheat. Sown 15/5/69 
Qopper~ zinc super 365 lb/ 
ac to all plots. Part of 
plots eaten by kangaroos. 
.. . -. --_,_ ~-.· . 2q. 
S:i.te Soil 'l.'ype Crop Urea Clb/ac) or ·Equiv8.len:t·) Mean Expt. Remarks -
'Nil 25 50 7_5 lQQ f25 150 }lo .. 
Williams ~ Gravelly loamy BARLEY 1802 18.2 69NA2 Nil Nitrogen 
R. McArthy sand over clay 28.2 35o0 43.0 35o4 .Ammonium Nitrate top. 
at 18 inches - immed. after seeding 
White Gum 26.0 35o2 42 .. 0 34.4 II II II 3 weeks a.a. 
28.2 32.8 39.0 33o3 II II II 6 II II II 
2.7.5 33t12 35.,5 32of :~~- II ti ·~ 9 Ii II II / -19.8 22.2 22.8 21.6 ir II 11 12 ft II II .,. t.- -34.8 ri t~at se~ding + 
·--- J.. - 3 weE¥ksafter· seed. 2 - ~ 
32.5 II II t " " "' f:6 " " • 33.8 fl fl 1111+ _9111111 
25o0 ti ti '' ~ ~ + ~-1 2'! '! '! 
40.8 fl fl 2/3 ~t se.ed~g_+_ -, 
3 weeks after ·seeding .., _ -
44.0 II II 2/3 _ II II + t-6 11 11 11 • 
44.8 II II 2/3 II II + . 9 II 11 11 
41.0 ti II 2/3 ~ ~· + f:12~· ,, '.i 
39.2 II 
,, 
2/3;... 3 w.eeks a.~~·~ 
.• c 1 - 6 weeks aft er s~&E!d: .: +_.., -
35.2 :H II "3/3-3 weeks a. S·o• 
·F_t - 9~weeq after seed -Tli.i_rd.-a~ocessive c_~ 
on old al.:o~er' land. "''- ' 
Stub hie of previous.· r;t.<fl 
burnt. -Dampier barley. . 
Sown 3/6/69. Copper, 2$rie 
super 184 lb/ac to all 
plots. Plots fairly 
weedy .•.. 
,, ·····- 30. 
Site Soil ~ype Crop Urea (lb lac) or Equivalent) Mean Expto Remarks -
.... __ ,_ Nil 25 50 75 100 125 150 No • 
··- ·-·- --- -
Williams - Brown to grey WHEAT 22.6 22.6 69NA4 Nil :Nitrogen ~.D. McDonald sandy gravelly 23.7 22 .. 4 23.2 20.0 18.6 2L..,6 Urea drilled with seed 
loam 25 .1 23.8 27.4 27.8 27.3 26~3 .AIIlmonium Nitrate drilled 
with seed '·· 
25.9. 24.5 29.4 28.1 30.2 27.6 Urea broadcast immediatel~ 
b~fore seeding · 
25.8 23.7 31.5 29.9 30.6 28.3 _Ammonium Nitrate broad.;. 
·- cast iirimed. before seed. 
~ 22.6 25.1 23.6 27.9 26.4 26.7 Second successive-
crop on old elover land .. 
Stubble of previous crop 
burnt. -- Ga.menya wheat. 
Sown 4/6/69. Super 300 
lb/a0 topdr~ssed before-
seedingon-all pl0ts. 
- - -
DEPARTMENT OF AGRICULTURE, W. A. 
PLANT RESEARCH DIVISION 
1969 RESULTS OF FIELD EXPERIMENTS 
M.G. Mason 
N-P Compound Fertilisers 
Two compound fertilisers were tested in the seasons 1967-69. 
These were N-P compound 24:24 and N-P compound 28:14. A third 
compound fertiliser will soon be available. This is"N-P compound 
18: 18 plus', which contains 13% Sulphur in addition to the nitrogen 
and phosphorus. 
Advantages of Compound Fertilisers 
The main advantage of the compounds is that they contain 
·both the nitrogen and the phosphorus needed by many crops • The 
compounds are drilled with the seed and this resul~s in both the 
nitrogen and phosphorus being placed close to the seed without any 
apparent harmful effect in most seasons. This means that both 
nutrients are applied in the one operation and it is not necessary 
to organise application of nitrogen after seeding. Because of their 
granulated form, the compounds run more evenly than superphosphate, 
which has much fine material. Urea and superphosphate cannot be 
mixed for application because they form a sticky mess and must 
therefore be applied separately. 
The compound fertilisers have a freight advantage over 
equivalent rates of urea ~ super. Assuming a freight of $5.00/ton, 
200 lb of the compound fertilisers would cost 45 cents for freight. 
The urea +_super equivalent to each of these would have freight 
costs of 56 cents (equivalent to 28:14) 73 cents (equivalent to 24:24: 
and 53 cents (equivalent to 18:18 plus). 
Disadvantages 
The main disadvantage at present is the relatively high cost 
compared with equivalent rates of urea and superphosphate (Table 1). 
To overcome this disadvantage, the compounds would have to be more 
effective than urea plus super. The comparisons in Table 1 would 
vary a little as prices of compound fertilisers are higher at other 
works. Also the application of urea may involve the cost of an 
extra operation. 
Another disadvantage of the compound fertilisers is that the 
ratio of nitrogen to phosphorus in any one compound is fixed. If 
the level of one of these nutrients has to be increased, the level 
of the other has to be increased irt ~the; .same propor.ti·cfln ... , . 
Unlike superphosphate~ the two compounds, 24:24 and 28:14, 
do not contain any appreciable amounts of sulphur. The lack of this 
nutrient will be a disadvantage where it is deficient in the soil. 
This will not be a problem with the use of the new compound 18:18 pluE 
Also the compound fertilisers do not contain any added trace elements 
and could not be used on new land where copper, zinc or molybdenum 
were needed, unless these nutrients were applied separately. This 
would add to costs. The compounds 24:24 and 28:14 c11nnot be used 
in bulk because they draw in malsture and get sticky. However, the 
compound 18: 18 plus can be handled in bulk because they are manufactur 
from ammonium phosphate and· sulphate of ?.mmonia instead of ammonium 
phosphate +: ammonium nitrate as in the other two compounds. The 
ammonium nitrate fraction causes the moisture uptake. The compositior 
of these fertilisers is shown in Taple 2. · 
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Where to Use Them 
On most relatively new land in Western Australia there is 
a high requirement for phosphorus f'or plant growth. If' N-P compound 
28:14 were used in this situation 9 at a rate sufficient to supply 
the phosphate required~ then usually an excess of nitrogen would be 
added. Therefore the compound 24:24 would be more likely to be 
used because of its lower nitrogen: phosphorus ratio. On the other 
hand, on older land, with a longer history of superphosphate addition, 
the requirement f'or phosphate is much lower, while the nitrogen 
requirement is still 'often as high as on new land. This is the 
situation in which N=P compound 28:14 is likely to be usedo 
TRIALS 
In this year~ 12 trials were carried out to test one or the 
other of the compound fertilisers compared with urea + super. 
N-P compound 28:14 was tested in f'our trials and N-P compound 
24:24 was tested in the other eight. These trials extending from 
Dongara to Boyup Brook were reported in the September 1968 issue 
of the Journal of Agriculture of Western Australia. 
In this season a further ten trials were planted at sites 
ranging f'rom Yuna to Esperance. N-P compound 28:14 alone 9 was 
tested in two of' the trials~ N-P compound 24:24 alone 9 in four 
trials and both compounds were tested in the remaining four trials. 
Another f'ive trials were harvested in 1969. These sites 
ranged from Gutha to Kojaneerup. Two of' these trials tested qoth 
compounds 9 while only N-P compound 24:24 was tested in the ottier 
three trials. 
I 
RESULTS 
In this year N-P compound 24:24 outyielded equivalentlurea + 
super in five out of eight comparisons and was more ~rof'itabl1 in 
four of them. N-P compound 28:14 was mort> prof'itable than urea + 
super in all four comparisons. I 
i 
Crops grown with N-P compound 24:24 outyield eg_uivaleJt 
urea + super treatments overall in five of the eight comparisdms 
with this compoundo In one of' these trials at Mt. Madrten~ evetl. though 
the compounds gave a higher average yield, the urea + super g4ve 
better yields at two of the four rates whe r'e the comparison was made. 
When cash return from the fertiliser used was considered, thejsame 
trends were evident 9 Le. N-P compound 24: 24 was more prof'i ta1:Dle 
than equivalent urea + super ti•eatments in five of' the eight trials. 
-- . 8 4 I When N-P compound 2 g 1 was compared with urea + sup:n• ~ lower 
yields were obtained with the compound in two of' the six compiirisons 
while in all other cases there were no dif'ferences between so~rces. 
Therefore in every comparison N=P compound 28g14 was less profitable 
than urea + super equivalent to the compoundo f 
I 
In the five comparisons with N=P compound 24:24, the lompound 
outyielded equivalent urea + super in two cases and urea + super gave 
highest yields in one case. while there was no dif'ference bet~een 
yields from the sources in.the remaining two trials. Where t!liere 
were no dif'ferences in yields 9 obviously the urea+ super wasjmore 
profitable. ' I 
I ••• /3 
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Also in one tria1 9 even though the compound fertiliser gave yields 
a little higher 9 the urea + super was more profi.table. Theref'ore 
when pr.ices were considered N=P compound 24~ 24 was more profitable 
i.n one trial 9 urea + super was more prof.i table in three trials and 
there was no difference in the r~maining trial. 
N=P compound 28g14 gave higher yields than equivalent urea + 
super in one comparison~ while the reverse was true in the second 
compari.son. When prices were 0onsidered 9 urea + super was more 
profitable .in one trial 9 while there was little diff'erence in returns 
from both sources in the other triaL 
Conclusions 
Over the three years of' trials N=P compound 24~24 outyielded 
equivalent urea + super in 12 out of 21 trials 9 urea + super gave 
higher yields i:n seven trials and there was no diff'erence in two 
trialso When considering economics urea + super was more prof'itable 
in 10 trials and there was no dif'ference f'or the remaining trialo 
Theref'ore:i f'or N~P compound 24g24 it. would appear that this 
fert,j_liser has a slight- yield advantage over urea + super~ but 
there is little dif'ference between the two sources in regard to 
monetary returns with the present prices. 
There were 12 trials over the three years comparing N=P 
compound 28 ~ 14 with UI'ea + super. The compound gave higher yields 
than equivalent urea + super in five of these trials and there were 
no diff'erences in the remai.ning f'our. When pri.ces were considered 
N=P compound was more profitable in f'our trials ( all in 1967 ) 
urea + super .more prof'itable in seven trials and there was no 
dif'ference between sources in the remaining trial. 
The position in regard to this compound is less clear due 
to the variation between years 9 but it would appear that there is 
little dif'ference between yields with either the compound f'ertiliser 01 
urea and theref'ore urea + super would be more profitable. 
In 1969 a f'urther trial was planted at Yerecoin on a 
property where compound f'ertiliser had been superior to urea + super 
in 1967" The aim was to attempt to determine whether this diff'er_ence 
was due to the dif'ference between the nitrogen source 9 the dif'ference 
between the phosphate source or due to the f'act that the.nitrogen was 
placed in the seed zone in the case of compound fertiliser. The only 
statistically signif'icant ef'fect was that due to placement of the 
compound f'ertiliser ~ i.e. higher yields were obtained when the compou: 
f'ertiliser was drilled with the seed than when it was topdressed 
in a situation where 300 lb/ac super was drilled with the seed in 
an attempt to eliminate any dif'f'erences due to phosphate. 
Overt.he three years' trials there does not seem to be an.y 
relationship between the perf'ormance of the compound f'ertilisers and 
f'actors such as geographical location~ soil type or history af' the 
siteo 
In 1967 and 1968 there were no reports of' harmf'ul ef'f'ects on 
germination due to the drilling of' compound fertilisers with the 
seedo In 1969 however 9 one trial showed an eff'ect of' higher rates 
of' compound f'e,rtiliser on germination in this dry season. In this 
case the super also af'fected germination but not to the same degree 
as the c:ompound fertiliser. However 9 it i.s considered that in normal 
seasons there is not likely to be any mark.ed ef'fect on germination 
due to the application of' normal rates of' compound f'ertiliser. 
A number of' trials are planned for the 1970 season t.o investigate 
this aspect. 
0 •• /4 
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TABLE 1 
Comparative Costs of N-P Compound Fertilisers and Urea + Super 
Rate of Urea + *Cost of *Cost of ****Cost of **Cost of 
Superphosphate Equivalent Equivalent Equivalent Urea + *** 
(lb per acre) N-P Comp. N-P Comp. N-P Compound Superfhosphate 
$) 
Urea 25; 
" 50; 
II 75; 
" 100; 
" 150; 
" 25; 
II 50; 
II 15; /~-.. 
i 
h 100; 
. II 150; 
II 200; 
Fert. 28:14 Fert. 24:24 18: 18 Plus 
($) ($) ($) 
Super 52 1.80 1 .. 98 1.32 
II 104 3.60 3.97 2.64 
II 156 5.39 5.96 3.96 
II 209 7 .16 7.80 5.28 
" 314 10.79 11. 91 7.94 
II 26 1.54 1. 09 
II 52 3.07 2 .16 
II 78 4.61 3.25 
II 104 6.14 4.33 
" 156 9.21 . 6.50 
" 209 12.28 8.67 
* N-P Compound Fertilisers 24:24 and 28:14 - $83.90/ton at 
Kwinana works. 
**Urea - $75.80/ton at all works. 
***Superphosphate - $20.40/ton in new.;:1Bags .. at .all works. 
****N-P Compound 1t}:18 plus - $69. 50/.tm in Corn Sacks at 
Kwinana works only. 
1. N-P compound 18:18 plus is only available at Kwinana works 
t69.50/ton in Gorn Sacks and $64.10 in bulk. 
2. The prices of N-P compounds 28:14 and 24:24 are higher at 
other works than;Kwinana - e.g. Bassendean $85.90/ton, 
North Fremantle $84.90/ton, Geraldton $87.40/ton, Bunbury 
$87.40/ton, Albany $87.40/ton, Esperance $89.40/ton. 
Freight has not been taken into account in 
the ta,1?.1 e : ,~:Q,Q;v; e • 
. .. /5 
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TABLE 2 
Nutrient Contents in Compound Fertilisers, Urea and Superphosphate 
CONTENT OF CONTENT OF CONTENT OF 
FERTILISER NITROGEN PHCBPHATE SULPHUR (P 0 ) (N) 
(PER. CENT.) (PER. 2C~NT.) (8) (PER. CENT. ) 
N-P Compound 28: 14 28 14 0 
N-P Compound 24:24 24 24 0 
N-P Compound 18: 18 plus 18 18 16 
Urea 46 0 0 
Superphosphate 0 22 13 
,-, 
I 
Trials have been carried out at the following locations:-
Yuna, Gutha, Dongara, Mingenew, Marchagee, Badgingarra (2), 
Yerecoin, Bolgart, Bencubpin, Westonia, Belka, Kondinin, 
Bullaring, Mt. Madden (4), Lake Magenta, Jacup (2) ,_ Gairdner River, 
Grass Patch, Scadden, Gibson, Kojaneerup and Boyup Brook. 
TABLE 3· 
Rates of Compound Fertilisers Equivalent to Various Combinations of 
Urea and Superphosphate 
RATE OF UREA + EQUIVALENT EQUIVALENT EQUIVALENT 
SUPERPHOSPHATE RATE OF RATE OF RATE OF 
(LB/AC) N-P COMPOUND 24:24 N-P COMPOUND 28: 14 N-P COMPOUND 
(LB/AC) (LB/AC) (LB/AC) 
Urea 25; Super 52 48 64 
II 50' II 104 96 128 ('·, , 
1t 75; " 156 144 192 
" 100; " 209 192 256 
" 150; " 314 288 384 
" 200; " 418 383 511 
" 25; " 26 41 
" 50; " 52 82 
II 75; " 78 123 
" 100; " 104 164 
" 150; " 156 246 
" 200; " 209 328 
Figures 1-4 are based on comparisons of sources at rates 
nearest to the normal recommended rates. 
18: 18 
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69WH4/2654EX 
The Fate of Nitrogen in N-P Compound Fertiliser9 
Urea and .Ammonium Nitrate 
Won,gan Hills Research Station 
Mo G. Mason 2 Research Officer 
Aim of the Trial 
To follow the movement of nitrogen in the soil and to 
follow the chemical changes of the nitrogen applied as N-P 
compound 24 : 24 9 urea and ammonium nitrate. Also to follow 
the pattern of uptake of this nitrogen by the plants. To com-
pare the effects of these fertilisers on the yields of wheat 
and to relate differences to changes in the nitrogen fractions 
in the soil and to nitrogen and phosphorus in the plants. 
r: Methods 
The soil type was Wongan Loamy Sand. The crop was a 
second successive crop after a legume pasture. The stubble of 
the previous crop was not burnt. There was quite a bit of 
wimmera rye grass and oats in the plotso 
Gamenya wheat was sown at 45 lb/ac. into fairly dry 
soil on 3rd June 1969. The treatments were as follows:-
1. Nil. 
2o Superphosphate 314 lb/ac. 
3. N-P Compound 24 : 24 - 288 lb/ac (equivalent to urea 
150 lb/ac plus superphosphate 314 lb/ac.) 
4. Urea 150 lb/ac plus Superphosphate 314 lb/ac. 
5. Ammonium Nitrate 203 lb/ac plus super 314 lb/ac. 
With treatment 1 9 wheat alone was sown. The super-
phosphate was drilled with the seed for treatments 2 9 4 and 5• 
The compound fertiliser on treatment 3 was drilled with the seed. 
The urea and ammonium nitrate were top dressed by hand imme-
diately after seeding. 
Commencing on 4th June 9 soil samples were taken from the 
plots for chemical analysis and thereafter at weekly intervals. 
At each date~ six samples per plot were taken. These samples 
were taken at constant intervals down the length of the plot. 
On the N-P compound fertiliser plots~ since this fertiliser 
was banded 9 three holes were put down with a 2 inch auger at 
each sampling site in order to obtain a representative sample 
of the 7 inch width affected by each band of fertiliser. One 
hole was placed rjght on the band and one on either side. 
With the other fertilisers 9 and on the nil plots~ only one 
hole was needed at each of the six sampling sites. 
Samples were taken at three intervals down the profile 9 
0-1ftop 1-2ft. and 2-3ft. This was done to determine any 
leaching of the different nitrogen chemical forms. At each 
of the six sampling sites on the compound fertiliser plots 9 
the 0-1ft. sample of soil from each of the three holes was 
mixed and subsampled into \:l. separate bucket. The same pro-
cedure was carried out for the 1-2ft. and 2-3ft zones. 
9. 
These different zon.es were kept in separate buckets. Finally 
for each depth interval 9 . the six subse.rn,:p1~es for one plot were 
mixed and subsampled again to giv-e a final sample. On the 
plots~ other than those with compound fertiliserJ since only 
one hole was needed at each sampling site 9 there was only one 
mixing and su.bsampling to obtain a final sample. 
These subsamples were ·then further subsampled by a 
chemist in the fj_eld and. placed in a copper sulphate-
potassium chloride extractant. When back in Perth these 
samples were filtered and chemical determinations carried 
01it on. them by the Gove:rmnent Chemical Laboratorieso 
When there was sufficient plant growthv the plants were 
also sampled from all plotso The first samples were taken 
on 8th July. Six aamples were taken from ea.ch plot v one at 
each soi.l samplin.g poJ.nt. These samples consisted of total 
above-ground parts from 2ft. lengths of four rows at each 
sampling point. These samples were taken back to the 
Govern.men t Chemie: al Laboratories o oven dried and chemical 
analyses later carried out on themo 
Soil sampl.ing was ~arried out ·15 times during ·the 
season. Plant sampl.es were taken at 11 times throughout 
the seasonp apart from the final harrest • 
.. .. All soil samples were· anaj.y.sed for nitrate and 
ammoni.um nitrogen levelso Moi.st;ure contents were also 
recorded. Total nitrogen content and pH were also de-
termined on the first samplingo A mechanical analysis 
carried out on the soil is shown below. 
Sample 
Fraction 
Coarse Sand 
Fine Sand 
Silt 
Clay 
Mechanicial Ana1¥JL:i,.,_s J~ Dry Ba.si§}, 
1-2ft 0 
77o5 73.8 
7.66 802 
5.66 5066 
9.0 12.3 
2-3ft 
72o5 
9o2 
5.66 
12.0 
For the plant samples dry wei.ghts of total above 
ground parts were recorded. Chemical analyses were carried 
out on them to d.etermine ~ 
1. Total Nitrogen 
2. Protein nitrogen 
3. Ammonium nitrogen 
4. Hydrolysable nitrogen 
5. Ni.trate nitrogen 
6 o Tota]. phosphorus. 
The plots were finally harvested by hand. Six quadrats 9 
each 4-rows x 2-ftp were taken from each plot. In addition 
head counts were made. Grain numbers 9 grains/head and 500 grain 
weights were recorded. The grain was chemically analysed to 
determine total nitrogen and phosphorus and al.so protein ni tro= 
gen. The wheat straw was analysed for total nitrogen and total 
phosphorus levels. 
J3D 
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Results 
Soils 
In the 0-1ft zone levels of ammonium nitrogen on the 
compound fertiliser and ammonium nitrate plots na tu.rally 
started at a high level. These levels gradua.lly fell as the 
nitrification took place 9 so that after 8=10 weeks they 
were little different from those on the treatments without 
added nitrogen. With urea the ammonium nitrogen started 
at a much lower level 9 but gradually built up to a peak about 
3 weeks after seeding" This b'uil.d up would have been due 
to the gradual hyd:r:ulysi8 of the urea. with the consequent 
release of ammonia. Normally the hydrolysis would be ex-
pected to be complete :i.n a much shorter time than this 9 
but the dry ciJndit:ions during -this period would have 
delayed ;the processo 
In this zone -~he nitrate on the compound fertiliser 
plots fell from its initial level (due to applied nitrate 
nitrogen) for about 2 weeks. The level then rose for the 
next 3 weeks as nitrification tciQk placeo There was then 
a stead.y decline so that the level was no different to the 
nil at about 12 weeks after seedingo The pattern with 
ammonium nitrate was s:Lmilaro With urea the level was no 
different from the nil for the first 3 weeks. It then 
rose t q the same level as wi-~h the other sources and fell 
in line with the othr&I' sour-:::e s. 
In the 1 =2:f1; o zone a.1ll.1llonium nitrogen levels were 
very low and there was no build up above the level on 
the nilo This indicates that there was no downward 
movement of a:mmoniu.m nitrogen. In this zone the levels 
of nitrate ni.trogen on the nitrogen treated plots were 
above those of the nils for nearly all of the sampling 
periodo Urea was beJ_ow the other two sources for the 
period o 
In the 2~3fto zone there -was no build up in 
ammonium nitrogeno After the first four weeks there was 
a small build up in. the J..eveils of nitrate nitrogen on the 
nitrogen treated plots. This build up persisted for 
about 8 weeks and there was no difference be'tween sources. 
Overall there was no downward movement of any 
ammonium nitrogen. There was evidence of downward move-
ment of nitrate nitrogen 9 althou.gh there was not a very 
large build up in the 2~3fto zoneo The supply of 
ammonium nitrogen in excess of the nil lasted 8-10 weeks 
after seeding whUe the nitrate nitrogen persisted until 
12 weeks after seedj.ng o 
Plants 
Dry weights for the nitrogen treatments were well 
above those without :nitrogen throughout the experiment. 
The "8uper onJ.y" kept a little above the nil for the 
latter part of the sampling period. Among the nitrogen 
treatments 9 urea. kept a little ab ave the ammonium 
nitrate and compound fertiliser treatments for most of 
the period" There was little difference between the 
latter two sources. 
The total ni.·trogen percen·t 9 for the plants on all 
treatments 9 fell as the dry weight increased due to the 
dilution effect of this increased dry weight. However 9 
the level on the nitrogen treatments remained higher' than 
for the treatments without added nitrogen. This difference 
/3 i 
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was quite big during the early part of the sampling period 
but diminished later during this periodo There were no 
real consistent differences with the various sources of 
nitrogeno 
The situation with protein nitrogen content was 
similar to that for total nitrogen contento 
Early in the 89.mpling period the nitrogen treatments 
had higher levels of ammonium nitrogen in the plants than 
the treatments without nitrogen. Levels varied through-
out the period but there was little difference between all 
treatments by 12th Augusto 
The levels of nitrate nitrogen for the plants on the 
nitrogen treatments were higher than on those not receiving 
added nitrogen up to 19-26th August 9 after which there was 
no difference between treatmentso In the early part of 
the sampling period the level on the ammonium nitrate 
treatment was lower than for the other two sources. How-
ever, the level on the compound fertiliser treatment 
r> fell quicker than the 6th.er two sourceso 
Total phosphorus content in the plants on the 
nitrogen treatments only reri:tai~d above the nil till 
about 29th July. The"super ozil-y"''treatment gave a 
level abqve the nil f©r 2 weeks longer than thiso The 
levels on all treatments fell with time due to the 
dilution by the dry weight increaseso 
Total nitrogen uptake on the nitrogen treatments 
was considerably higher than on those without nitrogeno 
The difference in uptake between these groups became 
larger up to about 19th August 9 after which the difference 
remained constanto This coincides with the time when 
treatment differences :in soil nitrogen were no longer 
present. There was no real difference between nitrogen 
sources in total nitrogen uptake by the plants 9 although 
urea tended to give a higher level for much of the period. 
Levels for all treatments continued to rise up to the last 
1~-, sampling on 17th October. I I 
Total phosphorus uptake by the plants on the "super 
only" treatment was only slightly higher than on the nil. 
However, the uptake on the nitrogen treatments was much 
higher than either of these treatments. Within the 
nitrogen treatments there was a tendency for higher total 
uptake on the urea treatment and lower uptake on the 
ammonium nitrate treatment. The compound fertiliser 
treatment gave intermediate levels. 
The f:inal grain yields were as follows:-
Nil 
Superphosphate 314lb/ac 
N-P Compound 24:24 - 288lb/ac 
17 .1 bus/ac 
20o0 II II 
22.6 II II 
25.1 II II .Urea 150lb/ac + superphosphate 314lb/ac 
Ammonium Nitrate 203lb/ac + superphosphate 314lb/ac. 26c.6 II 11 
There was a significant and profitable response to 
nitrogen. 
oooo/5 
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Head counts showed much the same pattern as the grain 
yields as did grain numbers., There was little difference 
between treatments for the 500 grain weights. There were 
no significant treatment effects on grains per head but the 
levels were higher on the nitrogen treatments than on those 
without nitrogen. 
The protein and total nitrogen levels and also the 
total phosphorus levels in the gr~ were as follows:-
Protein N fercent 
Nil 
Superphosphate 314lb/ac 
N-P Compound 24:24 - 288 lb/ac. 
Urea 150 lb/ac + Superphosphate 314 lb/ac 
Ammonium Nitrate 203lb7ac + Superphosphate 
Total Nitrogen Percent 
Nil 
Superphosphate 314lb/ac 
N-P Compound 24:24 - 288lb/ac. 
Urea 150lb/ac + Superphosphate 314lb/ac 
Ammonium Nitrate 203lb/ac + Superphosphate 
Total Phosphorus Percent 
Nil 
Superphosphate 314lb/ac 
N-P Compound 24:24 - 288lb/ac •. 
Urea 156lb/ac + Superphosphate 314lb/ac 
Ammonium Nitrate 203lb/ac + Superphosphate 
1 .64% 
1070% 
2.06% 
314lb/ac 
1.99% 
2010% 
1. 76% 
1.81% 
2.25% 
2. 12% 
314lb/ac 2.24% 
0.24% 
0.25% 
0.26% 
314lb/ac 
0.25% 
0.25% 
In this trial N-P compound 24:24 looked to be Slightly 
inferior to urea or ammonia nitrate plus superphosphate. 
This has not always been the case in other trials. With the 
dry season and in particular the dry conditions at sowingp 
the compound fertiliser plots showed the biggest delay in 
germination due to the l~~ger amount of salt in contact with 
the seed. This delay in germination would have given the 
other sources a slight growth advantage early which would 
have given them a better chance against weeds. 
Rainfall for 1969 is given in the attached table. 
The total rainfall for 1969 was only 987 points compared with 
the long term average of 1421 points. The May-October rain-
fall for 1969 was 655 points canpared with the long term 
average of 1072 points. 
The total amount of nitrogen applied on the nitrogen 
plots was 69 lb/aco The maximum recovery in the plant tops 
was 46.6% of the applied nitrogen on the urea treatment. 
The corresponding f jgures for compound fertiliser and 
ammonium nitrate were 45.1% and 44.1% respectively. 
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RAINFALL FOR YEAR 19~ 
LOCATION: Wonga.n Hills Research Station 
JAN FEB M.ARCH APRIL MAY JUNE JULY AUGUST SEPT OCT NOV DEC 
1 a 32 
2 o A 11 21 
3.. ? 24 1 
4. 2 9 
6 f 
6. 42 
7. 42 7 
8~ 4 
27i - . .1. 1 
10. 1Q 
11 • 1 0 6 
12. 12 60 2 
18 2 2 
14. 1Q 
1~. 10 . 1 
.. l-'-1~6~~-1---+---+---+--+--.+-i=8~6-l--i--l~--+---'--~--+--~ 
17. 10 
18. 80 27 
4 32 5 1 
20c 
21. 14 2 
22. 
1 
10 6 
26. :.; 
27~ 
28. 60 11 
30. 21 
31 • ... i--.;...:;...-t---;--+---+---+--~-+---1-----+---i---+--+-~ 
i. , tt'OTAL 1 9 1 54 97 . 86 60 102 249 13 34 7 108 58 
IPROG. 19!,, .· 173 2.31 
r.t'OT.AL 
291 393 642 739, 825~- 933 946 980 987 
,: .. 
,.,._ .. ; 
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TIME OF APPLICATION OF SOLID NITROGEN FERTILISERS 
MoG. Mason 9 Research Officer 
The current recommendations for time of application 
of solid nitrogen fertilisers such as urea, ammonium nitrate 
and sulphate of ammonia are:-
Zone A: These fertilisers should be applied as close 
to seeding as possibleo 
Zone B: As for zone A except on very sandy soils 
which are very p:rone to leaching, where 
application can be delayed 2 - 3 weekso 
Zone C: Applications should be delayed about 3 
weeks after seeding. 
These times of application do not always give the 
best results every year because there are many factors affecting 
the optimum time of application, which cause the variation 
from one time or situation to anothero If N - P compound 
fertilisers are being used, since they supply the phosphorus 
needs as well as the nitrogen, they must be drilled·with the 
seedo 
Probably the most important factor determining the 
best time of application for the other solid nitrogen fertilisers 
is the incidence of rain soon after applicationo If they are 
applied at seeding and this is followed immediately by heav~ 
rain, then there is a good chance that much of the nitrogen ! 
may be lost by downward leaching before the plants can I 
develop a root system to take ~:fl the nitrogeno The likeli 
hood of such heavy rains is gre~ter in the higher rainfall, 
zone C, where the growing season is only short e.go zone A 
it is desirable that the crop has the nitrogen available as 
soon as possible and in these lower rainfall areas there 
is less chance of leachingo 
Trials 
In zone A the results of twenty four trials were 
examined for the effect of time of application of the 
nitrogen fertilisero In 46% of the casesj application 
made at seeding was superior to all other times of application. 
In 29% of the cases there was no real differ~nce between 
applications at seeding or up to two weeks after seedingo 
This means that applications· made at seeding gave at least 
eq_ual to best yields i:h 75% of all cases in this zoneo 
Only 8% of the cases gave best results with applications later 
than six weeks after seeding" 
In zone B the ~esults of''forty_ two trials were examined. 
In 45% of the cases, application made Ei't, seeding was superior 
to all other times of applictiono In andtter 26% of the 
cases 9 application at seeding gave eq_ual to····<Qest resul ts 0 
This means that applications made at seeding gav,e at least 
eq_ual to best yields in 71% of all cases in this zone. 
In only 17% of all cases were applications later than 3 
weeks after seeding alone superior to other times of application 0 
However, in another 24% of the cases applications made later 
than 3 weeks after application were eq_ual in effectiveness 
to applications made at seeding. Therefore applicationsi 
3 weeks or later after seeding gave eq_ual to best yields: in 
41% of all caseso 
13.S 
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In zone C the results of 39 trials were examinedo 
In only 33-!% of all cases was application at seeding alone 
superior to all other tim·e-13 of applicat·ion. In addition 
application at seed·ing gave yields e-g_ual to best·- in 23% 
of all cases. This means that applications made at seeding 
gave at least equal to best yields in 56% of all caseso 
Applicatie!!!;fi~ made 2 - 4 weeks after seeding gave eg_ual t9 
best yieldS';in 46% of all caseso Best results with applications 
later than four weeks were superior to all other times of 
application in 20.5% of all caseso 
Summary 
These observations·sh"ow--that""the ·recomm·en-d.--ai;-tons 
for zones A and B are fairly conc·lus-i-ve i.eo appli·ca-ti'ons 
should be made at seeding or as close to seeding as 
possible. Later applications, up to about 6 weeks after 
seeding, may still give profitable responses, but are not 
likely to be as profitable as applications closer to seeding. 
Also applications should not be made too long "beforerr 
seeding as this may lead to losses of nitrogen. 
However, in Zone C the situation is not quite as 
clear cut as there is considerable variation in this zone. 
There is room for further work in this zone and perhaps 
the recommendation could be made for applications to be 
made in the first 3 or 4 weeks after seedingo However, 
work with split applications iri 1999 gave promising results 
and suggests that in parts of zone C this practice may be 
more profitable than a single application. This would 
presumably be due the fact that not all the nitrogen is 
applied at once where there is a danger of loss of a 
considerable proportion. Instead the risk is spread over 
a period and nitrogen is supplied over a longer part of 
the growing period for use.by the plants. 
Split Applications 
In 19 69 si:.x trials to investigate split applications 
of urea or ammonium nitrate on either wheat or Dampier 
barley were carried out in zone C. In addition there were 
two of these trials in the wetter more sandy part of zone B 
(Badgingara and Eneabba). The results of these trials are 
summarised in Table 1, where the means for all trials have 
been taken for comparison. The split applications have 
been compared with the recommended time for t single application 
and also with the single time of application which gave the 
best result in each case, i.e. if the best time of application 
has been predicted correctly everytime and represents the best 
possible result with a single application in these situations. 
.. 
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Table 1 
Mean Yield 
I 
For split 
1 at 2 
(Bus/ac) 
For Spit 
2/3 at 
seeding + 
-1. later 
lTotal Eq.JOO 
seedinr + J/3 
later: Total 
Eq. to urea 
lb •.. Urea) '15,0) 
Recommended time for single application 26.5 29.Lj. 
... 
Best time for single application 27o5 30.2 
Part at seeding + Part 3 weeks after seeding 26.8 29.6 
II II II + II 6 II II II 26o5 30o0 
- '· 
ti If II + u 9 II If II 2609 30o9 
II II II + II 12 If If II 24.1 30.0 
II 3 weeks A. S. + II 6 II II II 28.1 
II 3 II II + II 9 2908 
The split applications gave relatively better performances 
at the higher rate of application (equivalent to 150 lb urea/ac). 
If the recommended time of application is after seeding then there 
would be no e~tra cost of application due to th~ eplit application 
because the fi~st application could be made during the seeding 
operationo At the 100 lb/ac rate, the spli~ applications with 
second application 3,b or 9 weeks after seeding, were equal to 
or better than the recommended time of a single application but 
not as good as the best result obtainable with a single 
applicationo At the 150 lb/ac rate all split applications with 
part applied at seeding and part later were better than the 
single applicGtions at the recommended times. In addition, split 
applications with the second lot applied 6,9 or 12 weeks after 
seeding were equal to or better than the best single application. 
Since it is unlikely that in every case the optimum time for a 
single application would be chosen, these results with split 
applications are very promi$ing. These results are average$' 
from the trials carried out and in several of the trials the split 
applications were considerably better than single applications at 
the high rate of application and therefore the use of split 
applications warrants further considerationo 
These results.were obtained in a .dry season arid it would be 
interesting to see the results obtained in a more normal yearo 
I 
Table 2 sets out the number or times single applicailions 
made at each time pf application gave a profitable or now profitable 
response in trials' where time were compared. In any~ trial 
a number of t1.mes of application ma,y give a profitable response, 
but one time of application usually results in·a more profitable 
increase than others. From the figures in this table it is quite 
clear that applications made at times other than the optimum time, 
can often still give profitable responses. 
/~7 
'~ 
Zone 
Time of Application 
j\t i;ieeding 
2 weeks after seeding 
- --3 weeks after seeding 
4·~ weeks after seeding 
(~' .. 
\ '5 " " " 
6 " " II 
7-8 " " 
9 " " " 
10 " " " 
12 " " " 
'~~ 
i---
i 
- 4 -
Table 2 
A B c 
Profitable Not Profit- I Not ~rofit- ~ot 
Response Profit- able I Profit- able Profit-
able Response1 able Response able 
22 4 35 2 38 9 
12 4 14 1 11 2 
6 0 11 3 24 5 
4 0 8 I 0 11 2 
9 5 8 1 3 1 
7 1 6 1 21 5 
13 3 14 I 4 14 1 
4 2 2 I 0 16 2 
9 9 11 2 11 1 
4 1 2 4 16 5 
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